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Abstract 
 
Interest in music and emotion has been prevalent across the ages, due to music being a universal 
feature of all cultures across time. This suggests an adaptive function to music, and with the similarities 
to language, music has been heralded as the language of emotion. Music and emotion research has 
flourished since neuroscientific evidence showed emotions evoked by music are analogous to 
everyday emotions. However, systematic and rigorous investigations, driven by theory, are lacking. 
Therefore, the aim of the current work was to apply systematic and comprehensive methods to 
investigate music-evoked emotion, grounded in existing theory, to better understand what constitutes 
musical emotions and how effects can be explained by theoretical frameworks. Study one examined 
the influence of macro musical factors on eliciting music-evoked emotions, namely genre preference, 
song familiarity and song selector. Study two followed on from study one by investigating what 
influence holding autobiographical memories to music had on emotional responses to music. These 
two studies informed how to instruct the selection of emotional music. The second important question 
was to understand what emotional music does physiologically, as well as subjectively, as physiological 
response is a core part of emotion. This was examined in study three. Music’s use as an emotion 
regulation tool is prevalent, suggesting music could be applied therapeutically to enhance emotion 
regulation. However, the mechanism by which music is used for emotion regulation has not been 
specified nor explored in the literature. Due to the growing evidence suggesting interoception is a core 
mechanism in emotional experience and regulation, linking the physiological response to the 
subjective emotional response, the role of interoception in the experience of musical emotion was 
hypothesised. Study three examined whether interoception played a moderating role in the 
relationship between physiological and subjective emotional responses to music, showing 
interoception moderated this relationship, supporting the development of a music listening 
intervention that aimed to train interoceptive ability. This music-based intervention was tested in 
study four, compared to an existing, validated mindfulness intervention and two control conditions. 
Results suggested the music intervention has the potential to train aspects of interoceptive ability. 
The use of comprehensive methods throughout gave interesting insights into the field more generally, 
particularly regarding music-evoked sadness, emotion models and measurement. Results provided 
insight into the role interoceptive ability may play in determining by which emotion theory one gains 
their emotional experience. Results showed people integrate physiological signals into subjective 
experience differently dependent upon their level of interoceptive ability. 
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1.GENERAL INTRODUCTION 
 
1. CHAPTER ONE: MUSIC AND EMOTION 
1.1 MUSIC AND EMOTION 
Music has presented fascination and philosophical considerations for an incredibly long-time, with 
Aristotle theorising as to the impact of music on mood (Garrido, 2017). Therefore music, and music 
and emotion, is a wide-ranging research discipline, encompassing a wide variety of perspectives and 
approaches (Brown, Merker & Wallin, 2001). The fascination with music predominantly stems from it 
featuring universally across time and culture, often holding extreme importance and embedded within 
everyday cultural life. Its strong relationship to language supports propositions that music is adaptive 
and serves an evolutionary function (Molino, 2001), particularly evidenced by its role in 
communication, social bonding (Mithen, 2005; Peretz, 2001) and social cooperation (Jourdain, 1997). 
The universal evidence and importance of music across cultures, time and history have led to 
suggestions it is the language of emotion (Sloboda, 1989; Panksepp & Bernatzky, 2002; Hunter, 
Schellenberg & Schimmack, 2010) and this is the evolutionary and adaptive purpose it serves (Mithen, 
2005), particularly at the group level (Peretz, 2001; Wallin, Merker & Brown, 2000). Music’s role as a 
communicator is proposed as stemming from the structural elements that make it similar to speech 
(Juslin, 2013a; Brown, 2001; Molino, 2001). 
 
Music has a long history of being used therapeutically, another universal function of music (Horden, 
2000; West, 2000; Garrido, 2017; Koelsch, 2010; Sacks, 2008). More recently it has crossed into 
Western medicine (Kramer, 2000), with interesting effects, such as facilitating movement or accessing 
otherwise lost or deficient functioning in Parkinson’s and other neurological conditions (Sacks, 2008; 
Jourdain, 1997) and for its anxiolytic capacities for pain and anxiety management in hospitals (Franzoi, 
de Paula & Martins, 2013; Finlay, Wilson, Gaston, Al-Dujaili & Power, 2016) and for stress (Yehuda, 
2011; Knight & Rickard, 2001; de la Torre-Luque, Diaz-Piedra & Buela-Casal, 2017). A renewed interest 
in music’s therapeutic potential is particularly due to music’s unique benefit to illnesses that arise from 
an ageing population (Sacks, 2008), such as facilitating otherwise lost memory functioning in dementia 
(Ueda, Suzukamo, Sato & Izumi, 2013; Li, Wang, Chou & Chen, 2014; Scott & Kidd, 2016; Thomas & 
Camic, 2017), accessing functions that are not available with non-musical stimulus (Galinska, 2015)  
and new knowledge about music’s influence physiologically (Theorell, 2018). 
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Along with a rise in the therapeutic use of music in Western medicine, non-therapeutic uses of music 
are widespread, beyond simply holding aesthetic value or for entertainment. These uses influence 
physiological, affective, cognitive, self-referential, behavioural and group-based phenomena. For 
example to construct self-identity (DeNora, 2001), to facilitate certain language learning (Jee Kang & 
Williamson, 2013) and work performance (Shih, Huang & Chiang, 2009), to yield prosocial behaviour 
(Fried & Berkowitz, 1979), for mood-based learning, to mediate mood (Västfjäll, 2002; Gomart & 
Hennion, 1999; Sloboda & O’Neil, 2001), for emotion regulation (Laukka, 2007; DeNora, 2000), in 
strong emotional experiences (Gabrielsson, 2010) and in forming episodic memories (Sloboda, 1989). 
 
As demonstrated, music is proposed as serving a variety of functions for the modern listener in 
everyday life (Sloboda, & O’Neill, 2001), with evidence increasingly garnered using experience 
sampling methods and large-scale data collection (Randall & Rickard, 2016; Sloboda, 1999). Schäfer, 
Sedlmeier, Städtler and Huron (2013) propose three distinct dimensions: emotion regulation, self-
awareness and social relatedness. Kuntsche, Le Mével and Berson (2016) propose four motives for 
music listening in adolescents: coping, enhancement, social reasons and conformity. Randall and 
Rickard (2017) show music is primarily used to regulate mood (cognitive reappraisal and suppression) 
and therefore modulate wellbeing, with emotional reasons for music listening strongest when 
individuals are in a negative mood. Swaminathan and Schellenberg (2015) state music is universal 
because of its ability to express and regulate emotion. It is therefore unsurprising that music’s use as 
an emotion elicitor and regulator seems to be the focus of most research in the field, although studies 
investigating how music does and could be used to regulate emotion in everyday life are sparse. This 
particular focus has seen an increase in interest in the last few years. For example, recent research 
shows music is used for emotion regulation, with music selected both to match mood (mood 
enhancer) as well as to change mood, with a tendency to change negative mood, but not to change 
happy mood to sad mood (Xue et al., 2018). However, a more systematic, experimental approach is 
needed in studies.  
 
Eerola and Vuoskoski (2013) reviewed 251 studies from twenty years of music and emotion research 
and propose seven categories of approach: theoretical, individual and cultural differences, 
developmental, biological, subjective (self-report), clinical and music-analytic. As discussed, music’s 
primary role is as an emotion elicitor and regulator. Therefore, the focus of the current work is on 
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music’s capacity to evoke emotion, by primarily utilising theoretical, biological and subjective 
approaches to music-evoked emotion, as emotion theory would suggest the biological and subjective 
are both necessary in emotional experience.  
 
1.1.1 Music and Emotion Research: Perceived versus Felt Emotion 
There is a distinction between emotion perceived or recognised in the music and the emotion actually 
felt or experienced by the listener in response to the music (Gabrielsson, 2002). This distinction 
between felt and perceived emotion (music-evoked emotion or emotion recognition) is frequently 
ignored in the literature, with studies often not clearly distinguishing between the two, or only 
investigating one (Schubert, 2013; Gabrielsson, 2002). This may be because it is thought the emotion 
perceived is equivalent to the emotion felt (Scherer & Zentner, 2001), in that what a listener perceives 
is what they then feel via emotional contagion (Schubert, 2013). There are various alternative 
suggestions, such as listener types (Gabrielsson, 2002; Kallinen & Rajava, 2006), and these depend 
upon the philosophical position one takes as to the nature of musical emotion. It may also simply be 
a result of methodological choices. However, the claim that perceived and felt emotions are the same 
is challenged by evidence showing listeners can distinguish between the two (Juslin & Laukka, 2004) 
and that whilst a match (congruence) between perceived and felt emotions is sometimes the case 
(Song, Dixon, Pearce & Halpern, 2016), it is not always (Schubert, 2013). Schubert’s (2013) review 
suggests felt emotions are weaker than perceived emotions (although not always), and that perceived 
and felt emotions are similar when music is self-selected and preferred, but dissimilar when chosen 
by a researcher and disliked. Therefore, emotions felt in response to the music and emotions 
perceived to be expressed by the music to the same piece can be matched (congruent) or unmatched 
(incongruent). For that reason, it is important for studies to clearly and intentionally separate felt and 
perceived musical emotions.  
 
Research into emotion perceived in music finds various musical factors important for the perception 
of emotion (Gabrielsson & Lindström, 2001; Gabrielsson & Lindström, 2010; Argstatter, 2015), such as 
tonality and modality (Chong, Jeong & Kim, 2013), pitch and tempo (Komosinski & Mensfelt, 2016) 
and timbre (Argstatter, 2015). It is possible to relate specific manipulations of these features to specific 
discrete emotions (Laurier & Herrera, 2012). Saiz-Clar and Reales (2018) conclude tempo best predicts 
arousal perceived in music and mode best predicts valence perceived in music. Interestingly, even 
within emotion perception in music there are cultural differences based on musical culture and 
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individual differences, as well as generic recognition of basic and complex emotions (Argstatter, 2015; 
Juslin, 2013b; Taruffi, Allen, Downing & Heaton, 2017).                                            
 
In contrast, work has focussed on how musical factors relate to felt emotional responses to music, 
which necessitated theoretical propositions as to how these could occur.  
 
1.1.2 Music-Evoked Emotion: Theories 
Early models explaining affective responses to music focussed on the music itself. Within this thesis, 
these are referred to as music-specific theories. Meyer (1956) proposed that meanings (both 
referential and absolute) are encoded in the music, which are then decoded by the listener. Via 
emotional contagion (explained by mimicry, the mirror neuron system or empathy depending upon 
theorist) this decoding then results in emotional response. This has been extended by Huron (2006; 
Huron & Margulis, 2010), proposing musical emotion is created within the music by setting-up, 
violating then resolving expectations as a result of musical rules based in musical cultural knowledge. 
The theory explains affective consequences of generic expectancy, but specifically applied to music. 
This notion of creating anticipation, delaying then delivery of reward is common to reward mechanism 
theory and therefore theoretically explains music’s ability to strongly activate the reward circuitry. 
The model proposes Imagination, Tension, Prediction, Reaction, and Appraisal (ITPRA) as the 
mechanisms. Imagination (predicted response) and tension (in preparation) are theorised as occurring 
before the event onset, whereas prediction (pleasure/displeasure based on accuracy of prediction), 
reaction (evaluation of pleasantness of outcome) and appraisal (conscious evaluation of the event and 
consequences) occur in response to the stimuli. The model has gained wide support from ERP and EEG 
studies supporting neural signatures of musical expectancy models (Rohrmeier & Koelsch, 2012). 
These show differences between musicians and nonmusicians, demonstrating that understanding the 
‘musical culture’ facilitates perception, comprehension and response to music. This potentially 
explains familiarity effects found in the literature. Further, these neural differences are evidenced 
even when there is no behavioural differentiation (Müller, Höfel, Brattico & Jacobsen, 2010). It is 
therefore suggested here the influence of musical expectancy theories on music-evoked emotion may 
be primarily at the non-conscious level, and research should examine this and whether the conscious 
manifestation (appraisal) of this non-conscious expectancy process underpins preferences/liking 
(Caldwell & Riby, 2006). Huron’s model also explains the phenomena of mixed emotions, particularly 
prevalent to music. A negative, but predicted, event can therefore be unpleasant (stimuli) and 
pleasurable (accurate prediction). When musical predictions are met there is a pleasurable response, 
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and this is enhanced by a positive musical event. It is proposed when a prediction is unfulfilled from a 
musical event that was unexpected, but appraised as positive, it leads to chills and/or awe (Hunter & 
Schellenberg, 2010). The responses proposed in the music-specific ITPRA model strongly map onto 
evolutionary emotion theory (Rohrmeier & Koelsch, 2012) explaining physiological underpinnings of 
approach/avoid responses and the fight/flight/freeze/rest/digest autonomic nervous system (ANS) 
mechanisms based on the valence of appraised events and situations.  
 
Music-specific theories emphasise music itself, positing that musical occurrences elicit emotions.  
There is, therefore, an underlying assumption implicit in these models that if people are within the 
appropriate musical culture, they should have universal emotional responses to music resulting from 
emotional contagion, representing absolutism in experience (Meyer, 1956; Schubert, 2013). This 
notion is supported by music’s use as a mood induction procedure (MIP; Eerola & Vuoskoski, 2011; 
Westermann, Spies, Stahl & Hesse, 1996; Västjfäll, 2002) and from empirical evidence suggesting 
emotional responses are stable within and across individuals, even after excerpts as short as 1 second 
(Bigand, Vieillard, Madurell, Marozeau & Dacquet, 2005). These theories suggest music-evoked 
emotion is universal within a culture, rather than explaining the broader concept of music as universal 
across cultures. These theories also well explain findings showing musicians have stronger subjective 
and neurological responses compared to non-musicians (Brattico, Bogert, Alluri, Tervaniemi, Eerola, 
& Jacobsen, 2016; Biehl, 2015; Besson & Faïta, 1995), as well as better recognition of the intended 
emotion in the music (Argstatter, 2015). Musicians are more entrenched and more familiar with a 
particular musical culture due to their training, therefore the creation, violation and resolution of 
expectations within music would be more pronounced for musicians, eliciting stronger responses.  
 
Whilst these theories explain the specific aspects of music in eliciting emotion, they do not account 
for evidence of individual differences in emotional response to music (Sagha, Coutinho, Schuller, 
2015), including anhedonia (Loui, Patterson, Sachs, Leung, Zeng & Przysinda, 2017; Patterson, 2018). 
For example, felt response to music can be varied, whereas perceived responses are generally 
consistent (Schubert, 2013). In opposition to (or perhaps more sensibly to compliment) the universal 
account of music-evoked emotions is the subjective position. This position argues that music-evoked 
emotions result from an interplay between the context, the person and the musical stimuli (Juslin & 
Sloboda, 2011; Juslin, Liljeström, Västfjäll, & Lundqvist, 2010), therefore emotional responses are 
individual/subjective. These theories within this thesis will be called interactionist theories of music-
evoked emotion. Scherer and Zentner (2001) proposed a multiplicative theory that music-evoked 
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emotion results from contextual features, listener features, performance features and structural 
features, emphasising the role of cognitive appraisal. It assumes all factors are necessary to produce 
a reliable emotional effect, although factors carry different weights. Juslin and Västjfäll (2008) 
proposed the BRECVEM model: Brainstem reflex (B), occurring as a result of strong changes 
compositionally that orient or draw attention; Rhythmic entrainment (R), when the music leads to 
bodily responses falling in rhythm with the music, such as heartbeat to musical tempo; Evaluative 
conditioning (E), when the music is paired or associated with other positive or negative stimuli; 
Contagion (C), where the perceived emotions in the music are then mimicked in the listener; Visual 
Imagery (V), grounded in bodily experience where non-verbal metaphors are mapped onto inner 
images and schemata, eliciting pleasure and/or deep relaxation; Episodic memory (E), where music 
reminds the listener of a personal event; Musical expectancy (M), when musical structures violate and 
resolve musical rules. Each of the mechanisms are related to a specific neural network or region, along 
with details regarding developmental age, level of consciousness required and innate or learned 
presence. These details make this theory comprehensive and explains the evolutionary as well as 
modern role of music. Juslin (2013a) expanded the model to include Aesthetic judgement (A), 
providing a framework to explain and unify everyday and aesthetic emotions to music. The 
mechanisms proposed in the BRECVEMA model are suggested to be information-processing devices, 
with the model putting forth a theoretical perspective that no single mechanism accounts for all 
musical emotion experiences. It also assumes that music-evoked emotions overlap with everyday 
emotions. 
 
It may be surprising cognitive appraisal is not included as a mechanism in the theory, given it’s 
prevalence across the emotion, and music and emotion, literature. Cognitive appraisal is the 
mechanism most commonly discussed (Scherer, 1999). Cognitive appraisal models propose emotions 
arise from interpretation or evaluation of an event as having relevance to an individual’s goals. 
However, Juslin, Harmat and Eerola (2013) make the point music rarely has relevance for a person in 
terms of their goals, therefore cognitive appraisal may not be the most important mechanism. 
Previous work from Juslin and colleagues, (such as Juslin, Liljeström, Västfjäll, Barradas, and Silva, 
2008) finds cognitive appraisal rarely causes music-evoked emotions, hence it is not included as a 
mechanism in the BRECVEMA model. The BRECVEMA model acknowledges emotions arise from 
various, and different, mechanisms, and Juslin et al. (2013) tested BRECVEM, along with cognitive 
appraisal. They found little support for cognitive appraisal as a mechanism causing musical emotion, 
with previous work finding it evokes musical emotions in only 2% of cases (Juslin et al., 2008). 
Interestingly, musical expectancy (the implicit mechanism in the ITPRA model) found the least 
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support, except for evoking irritation (Juslin et al., 2013). They acknowledge musical expectancy may 
play more of a role for familiar music. Juslin et al. (2013) also demonstrate that musical characteristics 
are not the prominent factor when evoking emotions in response to music, but are more important, 
or related, to emotions perceived in music. This point has guided the approach in the current thesis, 
to focus upon and examine emotional responses to music generically as related to contextual macro 
musical factors, such as genre preference, familiarity, autobiographical memory and emotion 
quadrant of the response to the music, rather than examine the specific musical characteristics and 
how they relate to music-evoked emotion.  
 
 
Scherer and Zentner (2001) emphasise the music, with performance and structural features relating 
more to perceived emotion than felt emotion. In contrast, Juslin, Liljeström, Laukka, Västfjäll, and 
Lundqvist (2011; Juslin et al., 2010) emphasise the contextual and personal factors, with their model 
emphasising felt response to music. One could argue it is difficult to clearly distinguish the personal 
from the contextual, as the context largely creates the individual. This is beyond the current discussion 
but is worth noting, and many factors deemed personal, such as familiarity, musical training and 
personality, could also be viewed as contextual (Eerola & Vuoskoski, 2019), which is why the term 
referentialism (Evans & Schubert, 2008) is perhaps more useful for distinguishing factors related to 
subjective responses, contrasted with musical factors determining universal responses.  
 
The emotional contagion and musical expectancy elements of the BRECVEMA model (Juslin & Västjfäll, 
2008; Juslin, 2013a) are the factors that encapsulate the mechanisms explained in the aforementioned 
(Huron, 2006; Meyer, 1956) music-specific theories, capturing absolutism (Schubert & McPherson, 
2006). In contrast, episodic memory and evaluative conditioning in the BRECVEMA model capture 
contextual and personal factors, therefore akin to referentialism in Evans and Schubert’s (2008) 
model. Referentialism captures context and personal factors in the broadest sense, by including life 
experiences, cultural knowledge, individual and idiosyncratic connections associating music, emotions 
and events/situations together. Evans and Schubert (2008) clearly explain the distinction between 
absolutism and referentialism in emotional experience to music, elucidating a link between 
interactionist and music-specific theories.  
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Some work is beginning to explicitly examine the contribution and interaction of situation, listener 
and musical factors (Juslin, et al., 2011; Liljeström, Juslin, & Västfjäll, 2013; Juslin, Eerola, Harmat, 
2013), intentionally examining different aspects of models and how they contribute to music-evoked 
emotion. For example, Trost and Vuilleumier (2013) provide strong evidence for the rhythmic 
entrainment mechanism in BRECVEMA. However, this is rare. Empirical work rarely explicitly or 
intentionally tests aspects of musical emotion models. Therefore, findings reported here as supporting 
aspects of these models is done by extrapolating findings to infer support, rather than this being done 
by the original researchers. For example, evidence of the role of emotional contagion can be inferred 
from studies showing listeners have stronger emotional responses in group, compared to solo 
listening, contexts (Liljeström et al., 2013). The relevance of personal factors is evidenced from 
previous work showing differences based on individual factors, such as age, gender, personality and 
socioemotional competence on music-evoked emotions (Juslin, et al., 2011; Saarikallio, Vuoskoski & 
Luck, 2012; Eerola & Vuoskoski, 2019). Research findings are mixed in finding support for personal 
factors influencing responses to music, some showing effects (Koelsch, Grossmnn, Gunter, Hahne, 
Schroger & Friederici, 2003), some showing marginal effects of characteristics such as gender and 
musical experience (Komosinski and Mensfelt, 2016) and others finding no effects (Song et al., 2016; 
Lundqvist, Carlsson, Hilmersson & Juslin, 2009). These mixed results call for more work investigating 
the musical emotion models comprehensively and systematically in order to understand the influence 
and interaction of the various factors and potential differing circumstances under which they operate. 
There is a need within the field to directly and explicitly conduct research to test aspects of musical 
emotion theory. As Juslin (2011) states, the musical emotion models are under-researched and the 
current thesis is intended to be part of the empirical work testing aspects of the musical emotion 
theories. By ensuring research is directly testing musical emotion models, the evidence gained should 
also more specifically explain conditions manifesting universal, as compared to subjective, emotional 
responses to music. For example, Fritz et al. (2009) present cross-cultural evidence for recognition of 
three basic emotions of happy, sad and fearful in Western music, irrespective of culture of the listener. 
Further, they present evidence for both cultural types of music (Western and Mafa) being preferred 
by both groups when consonant, rather than dissonant, suggesting a universal preference for 
consonance on perceived pleasantness of music. However, this study focussed on perceived, rather 
than felt, emotion in the music.  Considering there is evidence for both universal and subjective 
accounts, it is reasonable to assume there is a universality to music-evoked emotion (probably 
resulting from musical factors) as well as a subjectivity (resulting from contextual and personal 
factors). The work presented in this thesis aims to shed more light on these two aspects of music-
evoked emotion.  
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Juslin (2013a) states a need for research to identify what emotions are experienced to music. Scherer 
and Zentner (2001) emphasise the need for research to focus on motivational aspects to understand 
why people listen to music and experience emotions. However, it is assumed in the literature that this 
is due to the pleasurable aspects of music, via activation of the reward circuitry (Koelsch, 2010).  I 
argue there is also a need to focus on how emotions are experienced to different musical situations, 
as this is the useful understanding required to utilise music’s emotional power. 
 
To understand how they are experienced, one must understand how emotions are generally 
experienced. This links to another criticism of music and emotion research, which is that whilst it is 
broadly framed within emotion theory, methodological approaches and specific patterns of results 
are dissociated from emotion theory (Lundqvist et al., 2009) specifically, directly and systematically. 
The current work will therefore utilise methods that address this criticism in chapter six, seven and 
eight. This dissociation from emotion theory more generally presents difficulties in building a coherent 
picture from the diverse literature. Work that has related specific emotions in music to emotion theory 
more broadly is sparse and generally focusses on whether emotions perceived in the music (rather 
than felt responses) are universal or subjective (Argstatter, 2015), linked to the six basic emotions of 
a categorical emotion model. One explanation for this dissociation is many take a cognitivist 
perspective, that musical emotions are purely aesthetic and not the same as everyday emotions (Kivy, 
1990). The emotivist position is the alternative perspective, where musical emotions are viewed as 
the same as everyday emotions (Koelsch, 2010), which is the position taken in this thesis. 
Consequently, it is necessary to understand emotion theory more broadly if attempting to study 
music-evoked emotion within a broader emotion framework, as akin to everyday emotions. The next 
section will therefore consider emotion theory more generally. 
 
 
1.2 EMOTION THEORY: BEYOND MUSIC AND EMOTION 
The generally accepted conception of emotions is that they involve an object, are action-oriented and 
encompass somatic, affective, cognitive, motivational and behavioural components. Emotions serve 
an evolutionary, adaptive function, thought to provide information to guide behaviour to orient 
attention towards a stimulus, to evaluate it and then to determine whether to approach or withdraw 
from it. This explanation demonstrates how emotions are intrinsically related to biological 
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approach/withdrawal mechanisms and the reward system. This definition and purpose of emotions 
explains the divide within the music and emotion literature regarding the nature of musical emotions 
as purely aesthetic (Kivy, 1990), as there is no clear object or action-orientation, or akin to everyday 
emotions, supported by activation of the limbic system analogous to everyday emotions. This is known 
as the cognitivist versus emotivist debate. Cognitivists posit musical emotions are not felt by the 
listener and are not real emotions, whereas emotivists support a position that musical emotions are 
induced and experienced in the listener and are experienced as analogous to everyday emotions. 
Zentner, Grandjean and Scherer (2008) propose a combination of these two positions, that musical 
emotions are felt by the listener, but are a special type of emotions, including ones such as wonder 
and transcendence that are specific to the aesthetic nature of musical emotion. Frijda and 
Sundararajan (2007) suggest music-evoked emotions are refined emotions, a subset of emotions that 
do not require an adaptive tendency or inspire action, as opposed to coarse emotions, defined as 
emotions evoked by events, that inspire action-tendencies. Coarse emotions, the term used by James 
(1884), are now called (everyday) emotions, refined emotions are aesthetic emotions. This theory 
highlights the importance of temporal considerations, therefore is particularly relevant to musical 
emotions, and nicely challenges the western focus on cognition and negative emotions. However, this 
theory is rarely cited in the literature.   
 
There are many active debates within the emotion field, covering different levels of definition and 
aspects. For example, debates continue regarding definitional differences between mood, affect, 
emotion and feelings. Some areas focus on emotional awareness, others on emotional expression and 
others on emotion perception and recognition in/from external stimuli, such as facial expressions of 
others. Debates often separate cognitive and affective aspects as distinct facets (even though most 
theoretically support they are interlinked), and one can observe a contradiction between theorised 
categorisation and the actual experience of emotion (Barrett, 2006). More recent debates are 
concerned with whether the modal model of emotion is valid, positing automatic responses to certain 
situations following a defined process of situation, attention, appraisal then emotional response,  
based on cognitive appraisal, which can mediate the fixed, automatic respomnses. Others propose 
instead a predictive coding model or a constraint satisfaction approach is more appropriate (Barrett, 
Ochsner & Gross, 2007).  These debates are beyond this thesis. The debate that is relevant, as it 
determines measurement, is whether a discrete model of emotion (Ekman, 1992) or a circumplex 
model (Russell, 1980) of emotion is appropriate.  
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1.2.1 Emotion Models and Measurement 
Discrete, or categorical, models of emotion propose there are specific emotions that form discrete 
emotion categories, each distinguished by experience, physiology and expression (Ekman, 1992a). 
Discrete models propose these emotions are universal, with six basic emotions (Ekman, 1992b): 
happiness, surprise, anger, fear, disgust and sadness. Various empirical work has found support for 
more basic emotions (Zelenski & Larsen, 2000), as well as fewer, such as four (Jack, Garrod & Schyns, 
2014), which also acts as one criticism of this model as critics state if they are universal there should 
be an agreed upon number. Despite criticisms, discrete models of emotion have strong support and 
there is a plethora of supporting evidence from cross-cultural (Sauter, Eisner, Ekman & Scott, 2010), 
physiological (Ekman, 1992a), perceptual (Jack et al., 2014), cognitive (Oatley & Johnson-Laird, 1987), 
neuroscientific (Panksepp & Watt, 2011) and behavioural studies (Lundqvist et al., 2009). However, 
there is also a body of work that refutes the universal, cross-cultural evidence (Gendron, Roberson, 
van der Vyer & Barrett, 2014; Jack, Garrod, Yu, Caldara & Schyns, 2012) for discrete models of 
emotions as distinct, specific patterned responses (Cespedes-Guevara & Eerola, 2018). Discrete 
models are used in about a third of musical emotion studies (Hodges, 2010; Eerola & Zentner, 2010), 
and Zentner et al. (2008) have proposed a categorical model of emotion and validated measure that 
is music specific: the Geneva Emotion Music Scales (GEMS-9), proposing nine emotions specific to 
music: wonder, transcendence, power, tenderness, nostalgia, peacefulness, joyful activation, sadness 
and tension. This music-specific measure is therefore used in chapter six and seven as the discrete 
emotion measure. Discrete models of emotion find support in the musical emotion literature and 
there is a growing body of evidence supporting the GEMS (Hodges, 2010).  
 
However, categorical emotion models are criticised theoretically for the assumptions of the model 
(see above), but also because measurement usually involves language, meaning the measurement 
approach is open to artefacts and misrepresentations as a function of language comprehension and 
interpretation. Another criticism is put forward because research also shows the discrete emotion 
categories can usually be reduced down to fewer dimensions (Jack et al., 2014; Lundqvist et al., 2009), 
which better represent the data and achieve increased parsimony. These reduced dimensions map 
well onto a dimensional, or circumplex model of emotion (Russell, 1980). The circumplex model of 
emotion proposes dimensions underlying every emotional experience, with any categorical emotion 
capable of being represented in the two-dimensional (2D) emotion space made up of valence 
(pleasant-unpleasant) and arousal (high activation-low activation). Within this 2D space there are 
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therefore four quadrants: positive-activation, positive-deactivation, negative-activation, negative-
deactivation. Valence and arousal map more closely onto biological, physiological and motivational 
systems, compared to discrete models. Circumplex models are used in about a third of musical 
emotion studies also (Hodges, 2010), and there is strong evidence supporting this emotion model. 
Criticisms of the circumplex model are it is not nuanced enough, does not clearly capture the quality 
of subjective emotional experience and focusses on feeling rather than expression (Scherer & Zentner, 
2001). Critics claim it cannot capture mixed emotional reactions, although this can be overcome using 
a simple 2D space and continuous, rather than static, measurement (Schubert, 2013), as will be used 
in chapters eight and nine. A further issue of the circumplex model is whilst the two dimensions of 
valence and arousal find consensus across the literature, a third dimension is also consistently 
evidenced. The interpretation of this third dimension lacks consensus, although models proposing 
valence and two arousal dimensions (tension and energetic/wakefulness arousal) find the most 
evidenced support (Thayer, 1989; Schimmack & Grob, 2000) and most closely relate to 
psychobiological systems. In contrast to the discrete model, circumplex measures have the benefit of 
not needing to rely on language, such as with the Self-Assessment Manikin (SAM; Bradley & Lang, 
1994). Increasingly the most commonly used dimensional measure is the SAM (Bradley & Lang, 1994), 
favoured as a pictorial, rather than verbal measure, quick to administer and with a single rating for 
each of the three dimensions. The current thesis will therefore utilise validated circumplex measures, 
such as the SAM, in chapters six and seven in addition to the discrete measure.  
 
It is worth noting that whilst the circumplex models propose measurement along dimensions of 
valence and arousal which are continuous, they separate positive and negative valence, implying a 
categorical boundary where positive experience crosses over to become negative. Therefore, there is 
the notion of categories within the measure. Qui, Wang and Fu (2017) found ERP evidence of early 
processing of valence categorical perception, suggesting emotional valence is processed early, rather 
than the result of cognitive appraisal of a situation. However, this study examined categorical 
perception of valence to faces, which serves an evolutionary and social purpose, and is yet to be tested 
in relation to emotional valence of music.  
 
Cognitivists argue that categorical measures are necessary for musical emotion, as a circumplex model 
is not appropriate for purely aesthetic emotions. Circumplex models make sense within an emotivist 
position, as does a discrete approach. Few studies have directly assessed the comparative utility of 
both models within single studies to empirically address criticisms of each approach when measuring 
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music-evoked emotion. Studies that employ both models, thus mitigate for the criticisms of each, are 
rare and therefore research to date has offered few insights into which model, and in which contexts, 
is preferable in relation to musical emotion.  The current work therefore utilises both models in 
chapters six and seven to address this point.  
 
On a very basic level the only agreement across emotion theory and models is the existence of the 
two dimensions – valence and arousal. Despite this, emotion measures seem intent on attempting to 
measure more than two dimensions, particularly with verbal measures, Likert scales and with each 
dimension measured separately. Measures therefore potentially violate the rule of parsimony and 
also create unnecessary demand on participants, detracting from clear focus on the task at hand. This 
is particularly pertinent because emotions are dynamic and heavily influenced by context. Therefore, 
it is worth considering whether these validated measures have utility and warrant the additional 
demand on participants instead of simply using a basic 2D emotion space (Schubert, 2013) to capture 
emotional response. For this reason, a basic 2D emotion space measure will be employed in chapters 
eight and nine.  
 
 
1.2.2 Emotion Theory 
Another debate within emotion research focusses on how emotions arise and the interplay between 
the body and subjective experience, explained by three main theories: James-Lange, Cannon-Baird 
and Cognitive-Appraisal models. 
 
The James-Lange theory of emotion proposes that distinct somatovisceral patterns for distinct 
emotions are elicited (James, 1884). These peripheral, somatoviseral signals are then translated to the 
central nervous system (CNS) to form emotional experience. This theory assumes physiology occurs 
before experienced emotion, and that emotions cannot occur without physiological signals (Moors, 
2009). The theory initially proposed distinct patterns of somatovisceral response for each emotional 
state, but this idea has been challenged by Cacioppo et al.’s (2000) work. The James-Lange theory has 
developed strong support and proponents continue today to claim emotions cannot be experienced 
without an autonomic component.  The theory also garners support from the widely accepted Somatic 
Marker Hypothesis (SMH; Damasio, 1996), proposing the role physiology plays in emotional decision-
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making. However, the SMH and its supporting evidence has been criticised and reinterpreted (Dunn, 
Dalgleish & Lawrence, 2006).  
 
This theory was challenged by empirical work from Cannon showing experiences of emotion occurred 
when there was no spinal link between the peripheral nervous system (PNS) and the CNS (Cannon, 
1931). More recent evidence shows subjective experiences of emotion that were accompanied by 
brain activation, but no related autonomic nervous system (ANS) activity (Wiens, 2005). Wiens (2005) 
observed no electrodermal activity (EDA) indicators of chills when lesions in the left anterior insula 
were present, despite self-reported chills to music, as compared to associations between objective 
and subjective chill reports for a healthy control (Grunkina et al., 2017). These types of studies 
challenge the James-Lange notion that autonomic activation is essential for subjective experience of 
emotion. Instead the Cannon-Baird model of emotion proposes the ANS does not play a predictive 
role, and emotions occur in the CNS in the brain and relate to subjective experience. This conscious 
experience of an emotion then feeds back to the body via efferent pathways, thus creating distinct 
PNS somatovisceral responses for distinct emotions.  
 
Empirical evidence lends partial support to both theories, and no evidence to support either account 
in its extreme. Schacter and Singer (1962) therefore extended and revised the James-Lange model 
(aligning with a movement generally in psychology towards cognition) into the first example of what 
are termed cognitive appraisal models of emotion. They propose non-specific somatovisceral patterns 
are transmitted from the ANS to the CNS and are then appraised cognitively based on the situational 
context, giving rise to distinctly labelled emotions. This theory was elaborated on, becoming cognitive 
appraisal models. Scherer (1999) explains the cognitive appraisal account of emotions as emotions 
arising following an evaluation or interpretation of an event that has implications for an individual’s 
goals. The aroused emotion creates an action tendency in response to the event, required due to the 
relevance to  the individual’s goals.  
 
Irrespective of the particular perspective one supports, all of the above three theories indicate the 
importance of PNS signals in the experience of emotion. Emotion theory therefore stipulates a strong 
link between the body and emotional experience, which is investigated in chapter eight with methods 
intentionally devised to test these theoretical frameworks. Thus, to understand music-evoked 
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emotion, one must consider not only subjective responses, but also physiological responses, as the 
following chapter will detail.   
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2. CHAPTER TWO: MUSIC, EMOTION AND PHYSIOLOGY 
 
2.1 THE AUTONOMIC NERVOUS SYSTEM (ANS) 
Emotion theory has well-established that emotions are intimately connected to somatic 
processes, as determined and regulated by the autonomic nervous system (ANS; Larsen et al., 
2008; Cacioppo, Tassinary, Berntson, 2000). The ANS innervates skeletal muscles throughout the 
body, including the face, and produces the wide-ranging variety of peripheral activity patterns 
measured physiologically. The ANS is responsible for maintaining homeostasis in the body by 
stimulating and regulating a plethora of processes that can be characterised as part of two 
systems: the sympathetic system (SS), which is thought of as the activating system, and the 
parasympathetic system (PSS), thought of as the deactivating system. The SS stimulates 
adrenaline and neurotransmitters, increasing heart rate, blood pressure, muscle tension and 
decreasing blood flow to internal organs and extremities, along with converting glycogen to 
energy. The SS underpins the fight-flight response, preparing the body for action. It is therefore 
the system linked to high arousal states of emotion. The PSS instead conserves energy, by creating 
states of rest, restoration and digestion by decreasing heart rate, blood pressure, muscle tension 
and increasing blood flow to internal organs, particularly to the gut to aid peristalsis and secreting 
saliva. The PSS underpins the rest-digest response, and is therefore the system related to low 
arousal states of emotion. This is less well-established and is less obvious in 
biological/evolutionary terms when considering a discrete model of emotion with categories such 
as tender, sadness, boredom etc. The SS and PSS work together, rather than as distinct, 
counteracting systems, and successful functioning of both systems are required to effectively 
regulate the body and maintain health.  
 
The SS is responsible for the stress response, involving the hypothalamic-pituitary-adrenal (HPA) 
axis, preparing the body for emergency action.  The stress response is designed as an acute 
response, to switch on and then quickly switch off, with the PSS then restoring the body. 
Unfortunately for many, modern life creates a chronic, rather than acute, stress response. The 
HPA axis is continuously activated as we perpetually perform actions in order to achieve and 
succeed, without effective capabilities to switch it off and manifest the PSS for rest, as these rest 
actions are often negatively judged as “lazy” socioculturally (Sapolsky, 2004). This contrasts to the 
way animals operate, much more in touch with their somatic needs and responses, effectively 
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maintaining homeostasis and optimal functioning. Chronic stress has been linked to a variety of 
health issues, causing early mortality, chronic pain, recurring postural issues, mental health 
issues, physical issues and with high economic costs to the workforce. For these reasons, music’s 
capacity to lower arousal has been widely investigated and utilised, with biological/physiological 
effects of music largely examined in relation to effects on stress and high arousal states. 
 
2.2 MUSIC AND PHYSIOLOGY 
Discussions regarding music’s effect physiologically have occurred since ancient times, 
particularly prevalent in Ancient Greece and China, and the first documented attempt to 
scientifically measure physiological response to music dates back to as early as 1741, when Grétry 
noted his pulse rate to music altered based upon musical tempo. Heart rate changes to music 
were recorded as early as 1894 (Hodges, 2010). Investigations into psychophysiological responses 
to music have largely used electrocardiogram (ECG) to measure heart rate or pulse rate (Hodges, 
2010), as beats per minute (BPM) or heart rate variability (HRV). However, studies have 
investigated a range of psychophysiological measures, including biochemical responses, skin 
conductance, respiration, muscle response, temperature, chills, pupillary responses and 
neurophysiological responses (see Hodges, 2009; 2010 for reviews). A summary of the literature 
will follow here, demonstrating contradictory results both within and across studies. These could 
be explained as resulting from methodological choices (Ogg et al., 2017) or may reflect the non-
specific nature of physiological responses (Cacioppo et al., 2000). There is more consistency 
relating to neuroscientific responses to music. Recent trends in neuroscience and affective 
computing and engineering suggest music and affective responses can be recognised, classified, 
decoded and predicted from fMRI patterns (Wager, Kang, Johnson, Nichols, Satpute & Feldman-
Barrett, 2015) multi-voxel pattern analyses (MVPA; Casey, 2017), real-time EEG data (Tandle, Joshi, 
Dharmadhikari & Jaiswal, 2018) and ANS physiological patterns (Kim & Andre, 2008). However, 
prediction accuracies tend to vary between 43-86%, and are often much lower than in other 
classification fields. Interestingly, peripheral physiological measures tend to be better predictors of 
affective state compared to neuroscientific models (Amjadzadeh & Ansari-Asl, 2017).  
 
2.2.1 Psychophysiological Studies to Music 
The burgeoning interest in music and emotion as a research topic over the last twenty years is due to 
Blood, Zatorre, Bermudez and Evans’ (1999) seminal PET study published in Nature, showing 
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paralimbic differential activation to pleasant (consonant) and unpleasant (dissonant) MIDI music, 
composed specifically for the study. This study claimed to show music-evoked emotions activated 
neural regions common to everyday emotional activation for pleasant versus unpleasant stimuli, and 
also demonstrated correlations between affective ratings and dissonance ratings. However, it is not 
entirely clear whether the subjective ratings reflected felt or perceived emotion. The study was 
followed up by Blood and Zatorre’s (2001) seminal study, using PET, electromyogram (EMG), 
respiration, heart rate, electrodermal activity (EDA) and skin temperature to investigate 
comprehensive psychophysiological responses to chills, as indicative of highly pleasurable musical 
experiences. They measured pleasantness, intensity and chills intensity as subjective measures. 
Results showed EMG, heart rate and respiration significantly increased during chill responses 
compared to music that did not elicit chills, with reward circuitry regions activated. This study was 
widely reported as evidence for music’s pleasurable and rewarding nature, akin to other highly 
rewarding (and addictive) stimuli, placing music-evoked emotions in the realms of ‘real’ emotions. 
This has subsequently led to a plethora of neuroscientific studies examining neuroscientific responses 
to music. 
 
2.2.2 Music and Neuroimaging 
Various studies using neuroimaging have further demonstrated that music is associated with activity 
in the reward circuitry and the limbic areas, showing activation is analogous to everyday emotions 
(Menon & Levitin, 2005; Baumgartner et al., 2006; Gosselin et al., 2006; Eldar et al., 2007; Salimpoor 
et al., 2008). These studies show music-evoked emotions consistently activate the amygdala, 
hippocampus, parahippocampal gyrus, temporal poles and pre-genual cingulate cortex, through 
monosynaptic connections to the amygdala (Koelsch, 2010). Studies support Blood et al.’s (1999) 
findings, evidencing differential activation to pleasant compared to unpleasant stimuli (Koelsch, Fritz, 
von Cramon, Müller & Friederici, 2006; Ball, Rahm, Eickhoff, Schulze-Bonhage, Speck & Mutschler, 
2007). Findings show certain regions (e.g. lateral PFC; OFC; ACC) are activated only in response to 
certain musical factors, such as certain musical characteristics, preferred music and familiar music, or 
to music-making, not listening (Moore, 2013).  Koelsch, Fritz, and Schlaug (2008) suggest unexpected 
chord functions activate the amygdala, showing amygdala activation is modulated by abstract musical 
features, providing evidence of a neural basis to Huron’s ITPRA (2006) model. Findings are further 
supported by lesion studies (Gosselin et al., 2005; Griffiths, Warren, Dean & Howard, 2004). These 
studies demonstrate the importance of musical factors on evoked response, investigated in chapter 
six. 
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Evidence suggests the brain is activated differentially based on positive or negative musical stimuli, 
with wider, and different, activation in response to happy music compared to sad music 
(Mitterschiffthaler, Fu, Dalton, Andrew & Williams, 2007). Koelsch, Siebel and Fritz (2010) provide 
evidence demonstrating music activates two distinct pathways based on the two poles of valence: 
negatively valenced stimuli activating central parts of the amygdala and functionally connected to the 
temporal pole, hippocampus and parahippocampal gyrus; positively valenced stimuli activating dorsal 
aspects of the amygdala and functionally connected with the ventral striatum and the orbitofrontal 
cortex. Results suggest the brain encodes the relative value of musical stimuli, akin to reward circuitry 
activation for other types of stimuli (O’Doherty, 2009). Music’s capacity to modulate different parts of 
the amygdala and the reward circuitry provides a rationale for music to be used therapeutically in 
affective disorders (Koelsh, Siebel & Fritz, 2010). 
 
Whilst evidence consistently supports the rewarding nature of music and its ability to activate both 
positive and negative emotion pathways analogous to everyday emotions, research investigating 
musical factors that may contribute to this activation have been less successful in building a clear 
picture. For example, studies have investigated mode and tempo (Khalfa, Schon, Anton & Liégeois-
Chauvel, 2005), major/minor and aesthetic beauty (Suzuki et al., 2008), major/minor, dissonance and 
liking (Green, Baerentsen, Stødkilde-Jørgensen, Wallentin, Roepstorff & Vuust, 2008), assuming these 
dichotomous manipulations represent happy and sad emotions. The lack of a consistent picture could 
be due to a lack of clarity as to whether perceived or felt emotions are intended as the focus of study, 
using wide-ranging musical stimuli, the use of musical pieces and excerpts compared to compositional 
features alone, whether stimuli are matched or not for acoustical properties and the use of different 
subjective measures (Koelsch, Siebel & Fritz, 2010). The lack of consistency in stimuli within and across 
studies means rarely is only one musical variable manipulated. Therefore, ascertaining what musical 
factors may evoke emotions is difficult beyond evidencing music evokes subjective emotions. More 
recently the focus has been on utilising MVPA to better understand affective responses to music, and 
utilising responses to attempt to recognise, classify and predict either emotional state or musical 
features/structures/genres from activation patterns (Baucom, Wedell, Wang, Blitzer & Shinkareva, 
2012; Casey, 2017). 
 
Whilst neuroimaging studies have attempted (not always successfully) to investigate felt response to 
music, much of the EEG literature has instead investigated perceived emotions through examining 
music perception and cognition processes, and how similar these are to language processing. EEG 
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studies of music-evoked emotions are largely conducted within engineering and computing 
disciplines. 
 
2.2.3 Music and Electroencephalogram (EEG) 
Research involving music and EEG tends to fall into three categories: Music used to study alternative 
performance/tasks/cognition; To study music perception and cognition; To recognise and predict 
affective states. 
 
2.2.3.1 To Study Alternative Cognition 
EEG studies employ music not as the primary focus but as a tool to study alternative cognitive 
processes. For example, Caldwell and Riby (2006) examined the impact of genre preference in 
manipulating P3 amplitude on cognitive tasks performance. Other studies use music for mood 
induction to investigate the impact of mood on cognition (Chen, Tuan, Huang, Chen & Li, 2008), or 
music is used as a tool or as an example of a creative process in order to study creativity (Dietrich & 
Kanso, 2010). This category of research does not relate to the focus of the thesis, so is not elaborated 
upon. 
 
2.2.3.2 To Study Music Perception and Music Cognition  
Secondly EEG research with music is used to study music perception and cognition. These studies 
usually measure EEG/ERP responses to low level acoustical features, building a large evidence base to 
support an information-processing of expectancy account (Koelsch 2011; Rohrmeier & Koelsch, 2012; 
Besson & Faïta, 1995), evidencing the ITPRA model (Huron, 2006), but not necessarily supporting it as 
an account of music-evoked emotions.  
ERPs (event-related potentials) result from a specific type of analyses of EEG data. ERPs are identified 
by averaging all of the brain activity in response to events that occur multiple times following multiple 
trials, such as stimulus presentation. This averaged activity related to an event can indicate the 
particular EEG activity related to that event (Luck, 2014). Due to the high temporal resolution of EEG, 
components are often named to represent the time at which they occur, and are identified as being 
positive or negative in the name also. The ERP components relevant to the cited music and emotion 
literature are summarised here. N100 (a negative peak 100ms after an event) is considered a 
marker of early sensory processing (Luck, 2014), seen for both visual and auditory stimulus, although 
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the amplitude can be affected by various auditory factors (Onitsuka, Oribe & Kanba, 2013). The P300 
(a positive peak 300ms after an event) is thought to reflect decision-making, and a person’s reaction 
to a stimulus, rather than relating to stimulus attributes (Luck, 2014). The P300 is related to attention, 
working memory and task engagement or concentration, or discrimination. The N400 (a negative peak 
250-600ms, peaking at 400ms after an event) is elicited in response to many factors, and when viewed 
together, the N400 can be thought of as indicating language processing and semantic memory (Kutas 
& Federmeier, 2011), with amplitude a measure of changes in stimuli. The P600 (a positive peak 
600ms after an event) is related to error detection in grammar or syntax (Regel, Meyer & Gunter, 
2014). The Late Positive Complex (LPC; peaking positively around 600ms after a stimulus) indicates 
controlled semantic processing (Daltrozzo, Wioland & Kotchoubey, 2012). 
 
Empirical studies in this category tend to also compare musicians to non-musicians. ERPs have been 
shown to relate to harmonic and melodic prediction, local versus hierarchical processing and memory 
components of prediction (Rohrmeier & Koelsch, 2012). Besson and Faïta (1995) showed musicians 
were superior in recognising and classifying music behaviourally as well as evidenced by ERP amplitude 
and latency, as a function of expectancy and violation, providing neuroscientific support for Huron’s 
(2006) model. Results showed musical expertise influenced decisions as well as perceptual processing 
of music. There were also larger neural differences for unfamiliar compared to familiar music between 
the two groups, showing musical training creates ‘musical culture’. This provides evidence for 
contextual and personal factors facilitating music recognition, judgement and understanding of novel 
stimuli, which in turn enable musical rules and expectancy to be more salient. This shows how 
interactionist models can underpin music-specific models. Musical expectancy was denoted by the 
late positive component (LPC), and negative ERPs indicated incongruous musical resolutions and 
perceptual processing. Positive components indicated musical violations of expectations within 
phrases. Interestingly, Koelsch, Jentschke, Sammler and Mietchen (2007) showed that even amateur 
musicians were slightly more responsive to violations of musical expectancy compared to non-
musicians.  
 
ERP research indicates affective and cognitive judgements are differentiated early as well as late in 
the perceptual process. For example, early neural responses are observed around 200 ms following 
musical violations, such as the early right anterior negativity (ERAN) and the mismatch negativity 
(MMN), with the ERAN modulated by musical syntactic processing (Koelsch et al., 2007; Brattico, 
Jacobsen, De Baene, Glerean & Tervaniemi, 2010). Some evidence also suggests N100 (100 msecs after 
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the musical stimuli) is modulated by musical factors. Positive, late, long-lasting potentials (P300 and 
P600) are also related to musical expectancy and violation. Brattico et al. (2010) found evaluative 
ratings (liking) were slower than cognitive judgements of musical correctness, with distinct neural 
signatures denoting affective (evaluative liking) compared to cognitive (musical correctness) 
judgements. (However, it should be questioned whether liking constitutes an affective state, or simply 
a preference. See discussions in the general discussion in chapter ten).  
 
Müller, Höfel, Brattico and Jacobsen (2010) compared experts and non-musicians, showing experts 
put more effort into preparing to make aesthetic judgements than musical correctness ratings, 
whereas non-musicians put more preparatory effort into musical correctness judgements. Findings 
were evidenced only by neural responses, as there were few behavioural differences. The study 
showed differences between the groups in auditory, cognitive and aesthetic processing, with non-
musicians relying on affective states for making aesthetic judgements, rather than correctness of 
music. This further supports an expectancy account of music cognition determined by musical 
expertise.  
 
Research investigating the neural bases of music perception focusses on explaining different musical 
syntactic/structural/acoustical factors and the neural signatures they are related to. This provides 
useful insights into music perception, but also cognition more widely, such as memory and meaning 
(Steinbeis & Koelsch, 2008; Rohrmeier & Koelsch, 2012). Williamon and Egner (2004) found musical 
memory is denoted by N300-400 in right centro-parietal areas, showing musical expertise and specific 
musical cues (structural bars) are recognised faster and elicit different neural signatures. Findings 
show encoded and retrieved memorised music and the associated neural signatures are distinct from 
memory correlates to other parts of the musical stimuli, but similar to those involved in language 
comprehension. This study gave insight into how musicians remember music and how long passages 
of music are cued, therefore providing evidence into music cognition at the neural level. Painter and 
Koelsch (2011) showed N400 occurred to short musical sounds outside of a musical context by 
investigating low level musical features. Results showed short musical sounds can convey meaning 
similar to the way in which words do, and this was not dependent upon memory. However, results 
suggested musical sounds required more complex processing compared to words. Neuroscientific 
evidence, combined with computational modelling, builds a strong case for the similarities between 
music and language perception and processing, showing language is a special case of music, 
particularly at early ages, and shows language and music are within the same domain (Koelsch, 2011; 
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Rohrmeier & Koelsch, 2012).  Koelsch (2011) calls for overlapping cognitive processes and neural 
correlates from music and language perception research to be integrated into a single theoretical 
framework.  
 
Some differences are reported between affective and cognitive judgements, showing how these music 
studies do begin to consider music-evoked emotion, albeit from a perception/cognition perspective. 
EEG studies that do consider music-evoked emotion comprise the third category.  
 
2.2.3.3 To Recognise and Predict Affective States 
Similar to trends in neuroimaging and ANS physiological research, studies from affective computing 
and engineering attempt to use real-time EEG to recognise, classify and predict affective states, with 
mixed accuracy (see Tandle et al., 2018, for a review), characterising the third category of music and 
EEG research. Findings support interactionist models of music-evoked emotion, showing personal and 
contextual factors, such as age, musical culture, genre preferences and expertise are all influential 
factors, as well as musical factors. Interestingly, research suggests unfamiliar music is best for 
constructing emotion recognition systems from EEG data (Tandle et al., 2018).  
 
Alpha and theta activity classify valence, with arousal classified by gamma and beta activity, although 
arousal appears to be more difficult to identify from EEG data, particularly for low arousal states. 
Recognition systems seem to better recognise high arousal states, and utilise valence more effectively 
to categorise states. However, work does suggest that arousal state must be differentiated first, 
followed by valence (Sourina, Liu & Nguyen, 2011), matching the process posited in emotion theories 
and evolutionary accounts of emotion. This therefore lends support to emotion theory proposing 
arousal differentiation as the key physiological component, and valence as secondary, related to the 
appraisal aspect of emotional experience. Further, when trying to recognise both dimensions within a 
single piece of music, attempts are unsuccessful. One dimensional models are well suited to EEG 
recognition systems, whereas the more complex and specific the emotion, the less successful. This 
shows a circumplex model of emotion is more appropriate when considering physiology compared to 
a categorical model. This informs the approach used in chapter eight.  Potentially a one dimensional 
recognition capacity may not be useful for therapeutic applications, despite algorithms proposed as 
adjuncts to music therapy (Sourina et al., 2011).  
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Frontal and prefrontal regions provide the strongest evidence of music-evoked emotion differentiated 
by EEG responses (Daly et al., 2014), with coherence differentiating types of emotions. Frontal 
asymmetry represents both valence as well as intensity differences, with electrode position denoting 
arousal (FC6; Liu, Sourina & Nguyen, 2011). Most studies compare left and right brain activity. Valence 
lateralization posits positive emotions are denoted by increased activity in the left frontal cortex 
whereas negative emotions are indicated by increased activity in the frontal cortex in the right 
hemisphere and this is supported by EEG music research (Altenmüller, Schurmann, Lim, & Parlitz, 
2002), although there are individual differences in this lateralization occurrence (Sourina et al., 2011), 
which can result from personality, dispositional affect, gender and genotype (Hamann & Canli, 2004). 
The asymmetric lateralization pattern means EEG can be used to identify and predict emotional 
responses differentiated by valence, which could have therapeutic utility (Sourina et al., 2011).  
 
These studies often do not clearly distinguish between felt and perceived response, and as earlier 
evidence from the second research category demonstrates, affective, evaluative and cognitive 
processes may overlap in music perception, cognition and associated neural signatures. Studies also 
tend to assume categorical and circumplex models of emotion can be treated as synonymous and 
indistinguishable in the EEG signal, which seems questionable. Evidence of the practical success of 
these algorithms is sparse, with papers largely theoretical, and recognition is limited to circumplex 
emotion quadrants based on binary numbers. It seems the process would be cumbersome and 
therefore have little practical utility if applied to a therapeutic context as proposed by Sourina et al. 
(2011). Classification initially relies on subjective ratings and offline processing, thereby rendering the 
extra time and work required currently as pointless from a therapeutic perspective. One needs to also 
question how this benefits the person undergoing therapy, beyond being a cool scientific toy. 
However, this is an exciting research area and time will tell whether it is purely scientifically interesting 
or whether with technological advancements it can be translated into more practical solutions.  
 
Given that neuroscientific approaches may lack practicality in a therapeutic context, ANS physiological 
approaches may offer more utility as they are less intrusive. Also, given that neuroscientific studies 
often do not distinguish between felt and perceived musical emotions, it is important to examine ANS 
physiological studies as these tend to explicitly focus on felt responses to music, as the following 
section covers.  
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2.2.4 ANS Physiological Responses 
Similar to music-based neurophysiological studies, ANS physiological studies follow similar trends. 
Some studies investigate music perception and cognition by examining physiological responses to 
acoustical/musical features (Scherer & Zentner, 2001), such as identifying that tempo can lead to 
rhythmic entrainment, particularly with heart and respiration rates. Gomez and Danuser (2007) 
showed rhythmic articulation to be the most effective musical feature in differentiating along the two 
emotion dimensions and the feature that also correlated most highly to physiological responses. Other 
studies focus on macro musical factors, such as familiarity and song selector (Salimpoor et al., 2009) 
to investigate music-evoked emotion to whole pieces. Physiological studies suffer the same 
methodological issues as in other areas of the literature, tending to manipulate dichotomies (arousing 
vs calming; happy vs sad). Mixed results may therefore result from methodological approaches, as 
discussed in chapter five.  
 
There is also the same trend, as seen in neuroscience, within affective computing and engineering 
disciplines to use ANS physiological patterns to recognise, classify and predict affective states to music. 
This is an exciting move as the research in this area tends to address methodological criticisms seen 
in the other types of studies, as these recognition studies are strongly based on emotion theory, are 
more comprehensive as they consider the whole 2D emotion space, and also utilise more physiological 
features than are usually measured. Subsequently, this line of research is providing useful new insights 
into physiological responses of emotion generally, not just to music. Studies show that measures 
previously thought to capture a single dimension (e.g. EDA or HR reflecting arousal levels) actually 
reflect activity in both dimensions (Kroupni et al., 2013; Kim & Andre, 2008). This means the lack of 
physiological measurement of valence, historically restricted to facial EMG which few studies 
measure, is being addressed in novel ways. This will help to ascertain whether affective physiological 
responses largely reflect arousal states, or whether this is simply a function of methods. 
 
Not all physiological measures used in music and emotion studies will be introduced below, only the 
main ones. For reviews of other measures please see Hodges (2009; 2010; Scherer & Zentner, 2001).  
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2.2.4.1 Heart Rate 
Heart rate to music is widely studied, although results are mixed. Hodges (2010) reports fifty-four 
studies that identify heart rate changes to music, but also twenty-six studies that found no heart rate 
changes to music. In addition, many studies have found stimulative music increases heart rate, with 
calming music having opposite effects. However, some studies have also found calming/sedative 
music also increases heart rate (Iwanaga et al., 2005), or both happy and sad music decreases heart 
rate (White & Rickard, 2015). Krumhansl (1997) and Rickard (2004) both found any music increased 
heart rate, whereas Iwanaga et al. (1996) found only sedative music increased heart rate, with no 
changes to stimulative music.  
 
Yanagishashi et al. (1997) found that HRV was associated with subjective perceptions of how arousing 
and pleasant synthesised music was, comparative to birdsong and mechanical sounds. Musical effects 
on HRV showed activation of the sympathetic nervous system even twenty minutes following only 
five minutes of music listening (Ferreira et al., 2015). 
 
One explanation for mixed results comes from studies that extract and investigate additional features 
from ECG signals beyond measures of central tendency and dispersion. Dousty et al. (2011) found 
arousing music increased the maximum amplitude of the T-wave component but there was no change 
to sedative music, whereas the R-wave amplitude increased for sedative music compared to arousing 
music. Iwanaga et al. (2005) found that arousing music activated HRV measures of the PSS to a lesser 
extent than sedative music, showing that whilst both music types showed SS activation, the arousing 
music was less stimulating of the PSS. Differences in the frequency bands of the HRV power spectrum 
showed differences between arousing and sedative music, even though overall, heart rate increased 
to both types of music. Similarly, Ferreira et al. (2015) compared heavy metal and baroque music using 
HRV. They found both music types increased arousal and heart rate, but baroque music showed more 
changes in the power spectrum whereas heavy metal produced more changes in statistical HRV 
measures. The key distinction was heavy metal increased the LF band whereas baroque music 
decreased the HF band, showing baroque music modulated the cardiac sympathetic system whereas 
heavy metal modulated the cardiac vagal tone. This demonstrates that examining features of the 
physiological signal beyond mean/median is required to identify specific effects of different music. 
This point informed methods in chapter eight.  
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2.2.4.2 Respiration 
Respiration has also been commonly measured to music, and again results present a mixed picture. 
Respiration is usually measured by sensors/electrodes on a band around the chest measuring chest 
movements, although CO2 content is also analysed in some cases. Music has been shown to increase 
breathing rates and these increases correlate with musical preferences (Hodges, 2009). Hodges (2010) 
reports four studies where music did not elicit respiratory changes, all before 1993, but nineteen 
studies where breathing rates increased. Respiration rates have also been linked to tempo and 
rhythmic entrainment (Khalfa et al., 2008), which makes sense given the strong overlap between heart 
rate and breathing rate. Yamamato, Naga and Shimizu (2007) found low tempo music decreased 
breathing rate following a stress task, although results may reflect purely a change in arousal state 
following a stressful task, rather than evidence of tempo manipulation per se. However, Iwanaga et 
al. (1996) found calming music decreased respiratory rates, whereas stimulative music did not 
decrease respiration rates.  
 
 
2.2.4.3 Skin Conductance 
Electrodermal activity (EDA) is measured as skin conductance, reflecting changes in the electrical 
resistance of the skin, and is related to temperature and sweating. Traditionally EDA is considered a 
measure of arousal, with increasing skin conductance levels (decreasing electrical resistance) showing 
increasing arousal. It can be measured as overall skin conductance level (SCL) which is the tonic signal, 
or the phasic signal can be extracted, from which skin conductance responses (SCRs) are extrapolated 
(Braithwaite, Watson, Jones & Rowe, 2013). EDA is commonly used within chills research, along with 
piloerection as a measure of goosebumps. Hodges (2010) reports thirty-six studies between 1925 and 
2009 showing EDA changes to music, and six studies showing no changes, although only one of these 
is since 1985. Juslin, Eerola and Harmat (2013) found no SCL changes when testing different 
mechanisms of the BRECVEMA model, as all music was found to be arousing. Bullack et al. (2018) 
found increased SCL levels to happy music compared to sad music, correlated to increases in 
subjective happiness ratings. In contrast, White and Rickard (2015) found skin conductance decreased 
to both happy and sad music in the felt response condition and Burns et al. (1999) also found skin 
temperature decreased for all music conditions, akin to decreased SCL. Their findings showed whilst 
subjective ratings of relaxation increased for classical, self-selected relaxation music and no music 
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compared to hard rock, these music conditions were not differentiated by physiological arousal levels. 
Blood and Zatorre (2001) found no EDA changes to music during chill responses. As demonstrated, 
findings across music and EDA studies again show mixed results, as with other physiological measures. 
This suggests more work is needed examining EDA response to music, therefore EDA is incorporated 
into the methods in chapter eight. 
 
2.2.4.4 Electromyography (EMG) 
Surface electromyography (EMG) uses electrodes on the surface of the skin, one at each end of the 
muscle group of interest, to measure changes in muscle tension (Fridlund & Cacioppo, 1986). Facial 
EMG (fEMG) is a particular type of EMG measurement, and measures changes in facial muscle groups 
that relate to emotional expression (Duchenne de Boulogne, 1862, translated 1990; Van Boxtel, 2010). 
There are eight standard muscle group locations (Van Boxtel, 2010), although Fridlund and Cacioppo 
(1986) propose eleven. Duchenne de Boulogne (1862, translated 1990) proposed at least twelve 
locations relating to specific emotional expressions, and even more when using combinations of 
muscle groups. However, these twelve plus locations were based on some measurements being taken 
from different parts of the same muscle group (e.g. superior orbicularis oculi for reflection but the 
inferior part for joy/benevolence). EMG, including fEMG (jaw or forehead), has been used to measure 
tension or stress to represent arousal (implicitly assuming negative activation). However, fEMG is 
more commonly considered the (only) measure capturing valence, in particular the corrugator 
supercilii reflecting negative valence and zygomaticus major reflecting positive valence (Tassinary, 
Cacioppo & Geen, 1989; Tassinary, Cacioppo & Vanman, 2007). This is being challenged, though, with 
recent work in affective engineering and computing (Kim & Andre, 2008) showing other measures, 
such as HR and respiration, can effectively measure valence. 
 
One issue with non-facial EMG studies is that muscle locations are not always reported, so generalising 
findings into a consistent picture is difficult. Nevertheless, these studies show music consistently 
changes muscle tension, whether this may be as a function of increasing/decreasing musical arousal 
or due to movement to music. Using fEMG, research consistently shows zygomaticus activity increases 
for happy music, decreases for sad music and corrugator activity increases for sad music (Lundqvist et 
al., 2009; Witvliet et al., 1998; Ellis & Simon, 2005; Bullack et al., 2018). Witvliet and Vrana (2007) 
found corrugator and orbicularis oculi muscles (and heart rate) responsive to fluency changes with 
increased exposure, rather than to negativity of the stimuli. However, they found zygomaticus 
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reactivity to positive, arousing music, with the smallest zygomaticus activity in response to negative 
arousing stimuli. Some studies find effects differentiating positive and negative valence only in the 
zygomaticus muscles (Eerola et al., 2013), whilst others find effects only in the corrugator muscles 
(Mathieu et al., 2009). Khalfa et al. (2008) showed fEMG differentiation between four discrete 
emotions (representing the whole 2D emotion space). Interestingly, facial coding approaches to music 
listening have not been utilised to date, and would be an interesting (and more ecologically valid) 
approach to measuring facial responses to emotional music. fEMG has rarely been used in music 
studies, which is surprising given its dominance as a measure of valence and the (generally) consistent 
pattern of results across studies. More work is needed that utilises fEMG to measure physiological 
valence responses to music, therefore fEMG is incorporated into the methods in chapter eight. 
 
2.2.4.5 Chills Research 
Chills research is a specific category of studies in music-evoked emotion research, and tends to include 
physiological measures. Chills are defined as responses to highly pleasurable peak experiences, 
representing strong emotional intensity of both valence and arousal (Grewe, Kopiez & Altenmüller, 
2009). They are a specific type of music-evoked emotion, and not all people experience chills to music. 
McCrae (2007) suggests chill responses to music are markers of openness to experience. Chills 
research lends strong support to Huron’s ITPRA (2006) theory, as chills seem to occur in response to 
surprising or unexpected musical events, such as the entrance of a new voice (Grewe, Nagel, Kopiez 
& Altenmüller, 2007), broadening frequency range or sudden loudness (Huron & Margulis, 2010). As 
discussed earlier, Huron’s theory explains chills as an initial negative response due to a violation of 
expectancy, followed by a positive appraisal of the violation. This goes someway to explain why chills 
are more often experienced to sad music (Grewe et al., 2009), showing chills are not simply a measure 
of pleasure or fear. Chills research generally relies on participants selecting their own stimuli to ensure 
a chill reaction (Panksepp, 1995; Blood & Zatorre, 2001; Rickard, 2004). Chills research is popular 
because chills are easy to observe and measure  subjectively, and also objectively using physiological 
methods, typically EDA, HR and piloerection (Rickard, 2004; Grewe et al., 2009; Blood & Zatorre, 2001; 
Grewe et al., 2007; Vickhoff, Åström, Theorell, von Schéele & Nilsson, 2012; Benedek & Kaernbach, 
2011; Theorell, 2013; Salimpoor, Benovoy, Larcher, Dagher & Zatorre, 2011). A chill response to music 
is typically characterised by piloerection, increased EDA (specific SCRs), increased respiration and 
heart rate, although not all studies find these all occur together (Blood & Zatorre, 2001). Underlying 
autonomic, neurological and neurotransmitter changes can also be identified, representing reward 
circuit activation (Panksepp & Bernatzky, 2002; Salimpoor et al., 2011), with a chill response occurring 
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at specific time points and therefore more easily conceptualised and pinpointed than emotions per 
se. More resent research (Wassiliwizky, Jacobsen, Heinrich, Schneiderbauer & Menninghaus, 2017), 
albeit to film rather than music alone, suggests variability in intensity even within a chill response. 
Results suggest that the combination of tears and piloerection indicates maximum arousal, maximum 
chill response, and is related to empathy and social connectedness. 
 
2.2.4.6 Individual Differences 
Studies also show differential physiological responding based on listener characteristics, supporting 
interactionist models. For example, Nater et al. (2006) found gender differences, with women showing 
larger responses to unpleasant activating music compared to men, as measured by heart rate, EDA 
and cortisol. This response was more marked than the general responses to music. McNamara and 
Ballard (1999) found gender differences and personality differences related to music preferences. 
Women who preferred arousing music had higher resting heart rates whereas this was the opposite 
for men, who had a preference for arousing music, although fitness was not accounted for. Work has 
also found that resting-state connectivity strength is associated with SCR responsivity, and together 
these predict subjective arousal reports (Xia, Touroutoglou, Barrett & Dickerson, 2017). These studies 
show the need to use a repeated-measures approach to psychophysiological studies to control for 
individual differences, thus informing the approach in chapter eight. 
 
2.2.4.7 Recognition and Classification Using ANS Physiological Patterns 
Within affective computing and engineering disciplines ANS physiological patterns are being utilised 
to attempt to recognise, classify and predict affective states. The research in this area encompasses 
video (Li et al., 2015), pictures (Vallanza, Citi, Lanatá, Scilingo & Barbieri, 2014) and general sound 
stimuli (Zhou et al., 2013), as well as music. 
 
Some research has focussed on how musical features can predict the emotion conveyed by the music 
(Laurier & Herrera, 2012; Nalini & Palanivel, 2016), often conflating perceived emotions with induced 
emotions. Yang and Chen (2012) categorise this work into three types: to predict the discrete emotion 
labels of musical pieces; to predict the circumplex emotions of musical pieces; to predict the 
continuous variation of emotions within a musical piece. These three types of approach are all 
investigated with a view to enable mood-based song recommendations/predictions. They conclude 
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there are still many issues in this area, acknowledging musical valence is harder to predict compared 
to arousal, based upon musical features. They also conclude specific, discrete emotions are harder to 
predict compared to using a dimensional approach, as found in the equivalent EEG literature. These 
conclusions are supported by Saiz-Clar and Reales (2018), who used neural networks to predict 
Vieillard et al.’s (2008) stimuli set, concluding tempo relates to arousal and mode to valence. It is 
consistently evidenced that arousal is better predicted from biosignals compared to valence (Kim & 
Andre, 2008) for perceived musical emotions. Similarly, Wang, Lee, Yen, Wang, Huang and Tang (2011) 
used HRV feature extraction to explore how drum rhythms manipulate valence and arousal, proposing 
SDNN predicts valence and LF/HF ratio predicts arousal. They found no effects for valence, and rhythm 
as generally stimulating, but did find evidence for HRV LF/HF and LF frequencies as capable of 
classifying rhythms that lead to increased arousal states. Wu and Jeng (2006) also used feature 
classification techniques to identify musical features that relate to the four quadrants of the emotion 
space, with similar conclusions. These findings all relate to how musical features express emotions 
perceived in the music, rather than predicting felt responses to music. 
 
The benefit of these classification studies is they consider all four quadrants of the 2D emotion space 
within each study, whereas other types of research in the field of music and emotion tend not to 
investigate all four quadrants simultaneously. This approach is commended, and therefore informed 
approaches in chapters six, seven, eight and nine. For example, Naji, Firoozabadi and Azadfallha (2014) 
captured the 2D emotion space using the emotions of boring, soothing, annoying and engaging to 
music. These were classified using ECG (HRV) and forehead muscle movements with an 88.78% 
prediction accuracy overall, with 94.91% for valence and 93.63% for arousal. Vallanza et al. (2014) 
found heartbeat variations from HRV predicted emotional responses to pictures representing the four 
emotion spaces, albeit arousal predictions (83.55%) were more successful compared to valence 
(79.15%).  
 
A particularly interesting study examining whether physiological responses could predict emotions 
was conducted by Irrgang and Egermann (2016). They showed, across two studies, that accelerometer 
data (as a measure of embodied music listening) could predict GEMS emotions to both other-selected 
and self-selected music. Predictive capacity varied depending upon emotion, with tension, tenderness 
and power most consistently predicted by movement. However, these emotion ratings were related 
to perceived emotion, although it seems felt and perceived may be confused in this study.  
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Kim and Andre (2008) conducted the most convincing study into using ANS physiological signals to 
classify music-evoked emotion. One goal of their study was to extract features to better predict 
valence, therefore they extracted many features from what are traditionally though of as arousal 
measures, such as ECG and respiration. This led to one hundred and ten extracted features, although 
these were not all significant classifiers. They found an impressive within-subject arousal classification 
rate of 97-99% accuracy, and 88-94% for valence. Across participants, arousal classification was 89%, 
and 77% for valence. Their study demonstrated that physiological measures conceptualised as 
reflecting arousal states also reflect valence differentiation. This compliments work that found fEMG 
distinguishes not only valence, but also arousal. Kim and Andre’s (2008) approach is impressive and 
convincing, and it is surprising more work of this quality and approach, focusing on ANS physiological 
responses to music-induced emotion, has not emerged in the literature since. Subsequent studies 
have either not utilised music, not utilised such a comprehensive, naturalistic and systematic 
approach, or have also used EEG. Interestingly Kim and Andre’s (2008) classification accuracies (95% 
overall) still far outperform those seen using less comprehensive methods, lending support to 
Cacioppo and Tassinary’s (1990) claim that multiple physiological measures and features need to be 
considered together to be able to effectively identify emotional states from physiology. This therefore 
informed methods in chapter eight. 
 
One criticism of these approaches is they are limited to binary outputs, therefore classifying the 
quadrants alone, rather than nuanced emotional responses of varying intensity within a quadrant. 
Physiological measures are also effective in predicting discrete emotions (Zhou et al., 2013), albeit 
with lower accuracy rates. Therefore, more work that enables identification of states within a 
quadrant, not just between quadrants, could potentially improve prediction of discrete emotions and 
lead to more practical applications. This point further informed the approach taken in chapter eight. 
 
In summary, physiology can be used to predict emotional states. However, whether this is the case 
for music-evoked emotion needs more work that employs comprehensive, systematic and clear 
methodological approaches to address some of the criticisms of the area as it currently stands. This 
was the aim of the approach taken in chapter eight. 
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2.3 LINK BETWEEN BODY-BASED AND NEURAL-BASED PHYSIOLOGY  
The above sections summarise physiological research within music and emotion fields, encompassing 
both ANS and neural physiological research. Blood and Zatorre’s (2001) study was the first to 
demonstrate the effect of music on a set of autonomic responses and how these mapped onto neural 
response. Similar work has since been conducted by Luft and Bhattacharya (2015), showing alpha 
oscillations following arousal induction by music and pictures modulated heartbeat-evoked potentials, 
providing further evidence for a mapping between the brain, the body and affective responses to 
music. There is also evidence of phase-coupling between EDA response and temporal lobe EEG 
activity, based on increases in arousal levels and also increased intensity within the valence dimension, 
whether positive or negative (Kroupi, Vesin & Ebrahimi, 2013). These studies show a mapping between 
ANS and neural physiological responses, suggesting either broad physiological approach is valid to 
study music-evoked emotion.   
 
 
2.3.1 Justification for Using Peripheral Physiological Measures  
Given the mapping between neural and ANS physiological measures, it could be argued which of these 
two broad approaches is taken is not important, as both are capable of representing physiological 
affective responses. Neuroimaging techniques seem better placed, and are more widely utilised, to 
investigate felt affective responses to music compared to EEG. However, neuroimaging methods are 
costly and cumbersome, therefore lack practical applied utility beyond research. They also lack 
ecological validity, requiring stimuli constraints not representative of actual musical pieces to be 
effective and useful, thus preventing the use of naturalistic musical stimuli. Further, measured 
activation and differential effects based on stimuli are often not available to a participant’s conscious 
awareness. People do not experience their emotions physiologically in their head; they experience 
them in their somatic bodies (Breugelmans et al., 2005). This means changes in neurological states in 
response to music - such as may result from a therapeutic application of music - are not available to 
the subjective experience of an individual, evidenced by studies showing neural differences but no 
behavioural differences (Müller et al., 2010). This means neurological responses that indicate different 
states, either for someone to tune into as part of an intervention, or as evidence of 
training/learning/therapeutic benefit, are not useful if one takes the position therapeutic 
interventions should benefit the individual’s subjective experience of themselves in the world. 
Therefore, ANS physiological measures (such as heart rate, facial expressions and sweating), which 
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are salient to an individual and part of their observable subjective experience, make more sense to 
investigate if the goal is to design a therapeutic intervention, as is the goal of this thesis. These ANS 
responses are an established part of emotional experience, and better classify and predict emotional 
states compared to neuroscientific responses. Further, evidence suggests ANS activity, such as 
heartbeats, maps onto neural responses and is correlated to conscious experience (Luft & 
Bhattacharya, 2015; Terhaar, Viola, Bär & Debener, 2012). Consequently, investigating ANS 
physiological responses to music-evoked emotion, rather than neuroscientific responses, seems 
preferable. Also, now with the advent of wearable technology, ANS physiological measures can be 
practically applied outside of research labs (although this is also the case for EEG, with interesting 
developments in sonification of EEG data as facilitating real-time biofeedback opportunities with EEG 
(Väljamäe, Holland, Benitez, Mealla, Oliveira & Jordà, 2013)). These facts all strongly support 
investigating how ANS physiology relates to emotional experience, instead of neural responses.  
As emotion theory posits (and more recent wellbeing interventions attest), functional emotional 
experience requires an integration of the body and cognition into conscious awareness. Therefore, 
any therapeutic application of music to facilitate emotion regulation requires a focus on both somatic 
and cognitive elements. It was therefore decided that physiology was an important part of the current 
investigation into music-evoked emotion and that ANS physiological measures made the most 
philosophical, theoretical and methodological sense. Therefore, an important research question, 
addressed in chapter eight, is: what impact does emotional music have on the body?  
 
Emotional experience is strongly associated with ANS activation, with somatic awareness determining 
successful navigation of everyday life (Fogel, 2013). This is due in part to interoception, which plays a 
crucial role in processes such as emotion regulation (Fogel, 2013), intuition (Sadler-Smith, 2010), 
decision-making (Dunn et al., 2010; Damasio, 1996; Bechara & Damasio, 2005) and mindfulness 
(Williams et al., 2008), as well as being implicated as relevant to depression and anxiety (Wiebking, 
De Greck, Duncan, Tempelmann & Northoff, 2010; Paulus & Stein, 2010; Dunn, Stefanovitch, Evans, 
Oliver, Hawkins & Dalgliesh, 2010), in managing anxiety (Schmidt & Trakowski, 2004; Davey & 
Matchett, 1996) and in enhancing wellbeing (Farb et al., 2013). To effectively regulate emotions, one 
needs emotional awareness. If the integration of physiological signals and cognition determines 
emotional awareness/experience, then it is important to understand how these physiological signals 
are translated and integrated into subjective experience. Interoception is proposed as the mechanism 
that underpins this integration, because the interoceptive pathway transmits ANS physiological signals 
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to the brain. Interoception is defined as awareness of one’s physiological state and will be introduced 
in the following chapter. 
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3. CHAPTER THREE: INTEROCEPTION 
 
3.1 INTEROCEPTION: DEFINITIONS  
Interoception was initially defined as a person’s ability to perceive physiological signals. The 
interoceptive pathway is defined as the afferent homeostatic pathway which represents the 
physiological condition of all aspects of the body. It is connected to autonomic motor control but is 
distinct from exteroceptive senses and systems, such as proprioception and mechanoreception (Craig 
2003). However, as these can overlap, such as in the experience of breathing, a broader understanding 
is now accepted that encompasses bodily signals and feeling states (Critchley & Garfinkel, 2017), the 
transmission of these to the CNS, as well as the representation (consciously and non-consciously) and 
perception of these signals and states. It is proposed as the mechanism by which physiological states 
are passed to the brain via the insula, represented as the feeling, visceral self, and then projected to 
frontal, conscious areas (Craig, 2003; Craig, 2006). Of note is the anterior insula in particular has been 
implicated (Zaki, Davis & Ochsner, 2012; Garfinkel & Critchley, 2013; Lovero, Simmons, Aron & Paulus, 
2009) in the re-representation of interoception (Craig, 2009). However, Uddin, Kinnison, Pessoa and 
Anderson (2013) suggest partitioning of the insula may not be appropriate due to its coactivation 
across interoceptive, cognitive and emotive processes. Interoception is part of the afferent pathway 
that projects from the peripheral nervous system (PNS) to the central nervous system (CNS), to 
achieve autonomic balance and regulation. For a detailed explanation of the anatomical aspects of 
the pathway see Craig (2003) and Figure 3.1.  
 Abbreviations: ACC, anterior cingulate cortex; A1, afferent fibers; MD, medial dorsal nucleus; 
NTS, nucleus of the solitary tract; PB, parabrachial nucleus; VMpo, posterior ventral medial 
nucleus; VMb, basal ventral medial nucleus; PAG, the periaqueductal gray, the mesencephalic 
homeostatic motor center; RVLM, rostral ventrolateral medulla; VMM, ventromedial medulla 
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Interoception was evidenced initially in primates, then humans, and saw some research interest, in 
particular in clinical domains in relation to anxiety. However, it has undergone a renewed interest 
since 2010 and is now investigated in relation to a number of phenomena and as a research topic in 
its own right. It captures the entire process from physiological signals, to central processing then to 
the neural representations of the internal bodily sensations, to the mental and subjective 
representations (Critchley & Garfinkel, 2017). It is questioned here whether such a broad and 
extensive process can be conceptualised under a single banner, and the current implications seen in 
the literature of doing so. This is discussed more fully in the general discussion.  
 
Seth (2013) proposed interoceptive inference as a prediction coding framework, with the anterior 
insular cortex as the comparator, emphasising top-down, rather than bottom-up, influences in 
explaining the experience of emotion. This was framed as an appraisal model of emotion, with 
physiological state compared to predicted models and then appraised as a subjective emotion. This 
has been extended to suggest individual differences result from precision in interoceptive systems (as 
a function of oxytocin levels (Quattrocki & Friston, 2014)), as defined by the relative weight of 
predictions from prior representations versus errors in predictions (Ainley, Apps, Fotopoulou & 
Tsakiris, 2016). It is suggested the higher one is in interoceptive accuracy the more adept one is at 
attending to, and prioritising, interoception over other sensory modalities, hence improving precision.  
 
3.2: INTEROCEPTION: MEASUREMENT 
Interoception is measured either by self-report (Mehling, Gopisetty, Daubenmier, Price, Hecht & 
Stewart, 2009; Mehling, Price, Daubenmier, Acree, Bartmess & Stewart, 2012), or by a variant of the 
heartbeat detection, or tracking, task. This involves an individual tracking or counting their heartbeat 
whilst at rest, or judging the timing of the heartbeat compared to an external stimulus. Whilst the 
heartbeat detection task is the standard measure of interoception in the literature, it is suggested to 
be an inadequate measure of interoception, (Ring, Brener, Knapp & Mailloux, 2015), or at best needing 
very careful application (Kleckner, Wormwood, Simmons, Barrett & Quigley, 2015). Therefore in 
chapter eight both self-report and heartbeat detection measures of interoception are utilised.  
 
More recently, attempts have been made to suggest three dimensions to interoception: interoceptive 
performance as measured objectively on the heartbeat task (accuracy); a subjective measure of 
confidence ratings about performance on the task, representing an individual’s belief about how 
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interoceptive they are (sensibility); and a metacognitive aspect that measures the correspondence 
between the two aforementioned interoceptive dimensions (awareness; Garfinkel, Seth, Barrett, 
Suzuki & Critchley, 2015; Critchley & Garfinkel, 2017). Self-report measures would count as a 
subjective measure (interoceptive sensibility). Caution is needed, as the evidence supporting these 
three dimensions comes almost exclusively from the lab that proposed them, and more work is 
needed from alternative groups to lend support to these dimensions as dissociable and predictive of 
affective states and related behavioural phenomena. One study from a different research group 
testing these dimensions found only partial support, and relationships between the dimensions were 
strongly determined by the type of heartbeat task used (Forkmann, Scherer, Meessen, Michal, 
Schächinger, Vögele & Schulz, 2016). 
 
3.3 INTEROCEPTION: WHY IS IT IMPORTANT? 
Interoception plays a crucial role in embodiment (Herbert & Pollatos, 2012) and associated processes 
and plays a key role in mental and physical health (Kollenbaum, 1994; Kollenbaum, Dahme & Kirchner, 
1996; Dahme, Richter & Mass, 1996). It has also been integrated into therapeutic applications, such 
as in interoceptive exposure, a core component in CBT interventions for anxiety or panic disorder 
(Arntz, 2002; Schmidt & Trakowski, 2004; Lee et al., 2006). High interoceptive ability is suggested as 
being problematic and implicated in drug addiction as it underpins motivational behaviour (Naqvi & 
Bechara, 2010; Paulus, Tapert & Schulteis, 2009; Verdejo-Garcia, Clark & Dunn, 2012; May, Stewart, 
Migliorini, Tapert & Paulus, 2013). It is suggested overly interoceptive people need addictive 
behaviours to self-medicate their overly sensitised experience, although this would also be an example 
of emotion avoidance as a coping/regulation strategy. Therefore, this is surely not an issue of too 
much interoceptive ability, but instead an issue of emotion regulation strategy or coping with signals, 
as addressed by interoceptive exposure therapy (Lee et al., 2006). Similarly, low interoceptive ability 
is related to a lack of emotional awareness and therefore emotional intelligence, predicting poor 
socioemotional competence (Murphy, Brewer, Catmur & Bird, 2017) and associated with alexithymia 
(particularly in autism; Shah, Hall, Catmur & Bird, 2016). Murphy et al. (2017) propose interoceptive 
ability varies with age and the development of interoceptive ability strongly links to developmental, 
age-related cognition and underlies risk of psychopathology and problem behaviour in adolescence. 
There is additional evidence showing individual differences in interoceptive ability due to personality 
(Kruschwitz, Leuken, Wold, Walter & Paulus, 2014), gender (Suschinsky & Lalumière, 2012) and age 
differences (Khalsa, Rudrauf & Tranel, 2009).  
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What is not clear is whether low interoceptive ability is related to suppression and avoidance as 
emotion regulation strategies. More work is needed to identify the ways interoceptive ability is 
specifically related to, or perhaps underpins, different types of emotion regulation strategies, which 
are then linked to poor mental and physical health (Ainley et al., 2016). Interoception has been shown 
to play a role in depression and anxiety (Dunn, Stefanovitch, Evans, Oliver, Hawkins & Dalgliesh, 2010; 
Pollatos, Traut-Mattausch & Schandry, 2009) and eating disorders (Park, Dunn & Barnard, 2011; Strigo 
et al., 2013). Some research would therefore suggest an inverted U-shaped curve, showing a mid-
point of optimum interoceptive ability (Naqvi & Bechara, 2009; Ludwick-Rosenthal & Neufeld, 1985; 
Zoellner & Craske, 1999), but too much or too little as problematic. This has not been explicitly tested 
and would be worthwhile, as it is suggested elsewhere that if a person has appropriate emotion 
regulation and intelligence (Fogel, 2013), interoception should show a positive linear relationship with 
wellbeing and life satisfaction, rather than an inverted U-shaped curve. Whatever the state of play, it 
is clear that interoception should play a role in the relationship between physiological signals in the 
body and subjective experience of emotion. Evidence of this relationship would lend support to the 
James-Lange theory of emotion and Damasio’s (1996) somatic marker hypothesis. Indeed, evidence 
shows interoception plays a core role in intuitive and risky decision-making (Dunn et al., 2012; 
Kandasamy et al., 2016), with bodily signals and behavioural responses showing evidence of a 
successfully learnt strategy even before this comes into conscious awareness (Dunn et al., 2010), 
dependent upon interoceptive ability.  
 
The evidence presented demonstrates that interoception is theorised as playing a key role in the 
experience of emotion and how this relates to emotion regulation and wellbeing. Therefore, it is worth 
considering that any therapeutic intervention targeting emotion regulation should consider 
interoception. Interoception plays a role in emotion experience and therefore emotion regulation, so 
any attempts to use music to facilitate functional emotion regulation need to consider the integration 
of subjective and physiological states in response to music, and how interoception moderates this 
relationship. This is addressed in chapter eight. Based on this, the overarching aim of the thesis is to 
ascertain whether music could be applied therapeutically to improve emotion regulation by enhancing 
interoception. This is tested in chapter nine. The use of music is justified because music has a long 
therapeutic history and an established role in emotion regulation, as the next chapter introduces. 
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4. CHAPTER FOUR: THERAPEUTIC APPLICATIONS OF MUSIC 
 
4.1 MUSIC THERAPY 
Music’s therapeutic application in the West to date usually takes the form of music production, also 
known as active music therapy (Li et al., 2014), thereby acting on social bonding, communication, 
confidence and self-esteem. Music therapy has more recently been used as a therapeutic intervention 
in dementia, improving anxiety, behavioural symptoms (Ueda et al., 2013), memory through 
reminiscence and clinical depression and agitation (Scott & Kidd, 2016), although not all reviewed 
studies showed improvements, particularly not cognitively (Li et al., 2014). Some of this music 
production could be viewed as cathartic or as inducing positive emotions from the social 
connectedness, therefore constituting a form of emotion regulation under certain conceptions. Music 
therapy in addiction treatment has taken the form of music listening, rather than production, using 
music to explore self-identity in relation to addictive behaviour (Hedigan, 2010), addictive behaviour 
contexts and to reframe emotional music cues (Dijkstra & Hakvoort, 2010), or to aid relapse 
prevention (Ficken, 2010) by discussing music’s role as an addictive behaviour cue (Horesh, 2010), 
resulting from encoded associations (Fachner, 2010). The work evaluating these interventions is 
largely qualitative and explores subjective experiences of the interventions, rather than quantitative 
measurement of mechanisms and effectiveness.  
 
Music listening has more recently been used as a group emotion regulation intervention (Dingle & 
Fay, 2017), and an eight-week classical music listening intervention showed improved results for 
people with depression comparative to a psychotherapeutic intervention (Castillo-Pérez, Gómez-
Pérez, Velasco, Pérez-Campos & Mayoral, 2010).  Music is used as an emotion regulation tool in 
everyday life (Chanda & Levitin, 2013), but this is not understood empirically in a way that could be 
utilised in a large-scale, generalisable intervention, although neuroscientific evidence supports this 
potential application (Moore, 2013). Music’s role in the treatment of psychiatric disorders is becoming 
more acceptable, but remains a ‘nice-to-have’ addition, rather than recognised as a valuable, 
standalone intervention (Solanki, Zafar & Rastogi, 2013). More empirical work is needed for this to 
occur.  
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As empirical knowledge relating to music listening’s biological effects grow, there are sound 
justifications for developing a music listening intervention with the potential to improve mental health 
beyond simply subjective experience. Growing evidence demonstrates the role of brain-derived 
neurotrophic factor (BDNF) in modulating mood disorders, and also demonstrates music’s ability to 
increase BDNF levels in the prefrontal cortex, amygdala and hippocampus in mice with the gene 
involved in anxiety and depression (Li, Yu, Yang, Gao, Jiang, Feng, Zhao & Chen, 2010). This suggests 
music could be used to therapeutically treat anxiety in those with certain genes, creating anxiolytic 
effects through BDNF modulation by music. Further research suggests music could stimulate BDNF 
levels related to depression (Yeh et al., 2015), in the hippocampus related to memory (Marzban et al., 
2011) and learning (Angelucci, Fiore, Ricci, Padua, Sabino & Tonali, 2007; Xing et al., 2016) and to 
stimulate neural plasticity (Kühlmann, de Rooij, Hunink, Zeeuw & Jeekel, 2018) generally. Evidence 
demonstrating music’s potential to act on four aspects of the neurochemical systems (Chanda & 
Levitin, 2013), its wide-ranging effects on psychoneuroimmunology (Fancourt, Ockelford & Belai, 
2014) and in modulating the metabolic system (Yamasaki et al., 2012) further supports the capacity 
of a music listening intervention to alter both subjective and physiological states. This biological 
evidence-base is largely related to the stress response currently, rather than viewing the wider 
potential of music as a therapeutic experiential and biological intervention.  
 
 
4.2 AIMS OF THE CURRENT THESIS 
There is therefore a gap in the literature calling for the development of an evidence-based music 
listening intervention that considers both subjective and physiological experience and proposes a 
specific mechanism of action (Fancourt et al., 2014; Michie, Van Stralen & West, 2011). Developing 
and testing such a music listening intervention is an aim of the current thesis, based on theory-driven 
experimental investigation into the factors influencing subjective and physiological music-evoked 
emotions, and the potential role of interoception. Interoception is proposed as the mechanism of 
action, ultimately facilitating emotion regulation. In order to achieve this aim, and to be generalisable 
and translatable on a wide scale, four questions are therefore proposed as needing to be addressed 
in this thesis: 
1) What is emotional music? 
2) What does emotional music do subjectively and physiologically? 
3) Does interoception play a moderating role in the relationship between subjective and 
physiological emotional responses to music? 
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4) Can music listening be used to train interoceptive ability, influencing emotion regulation? 
These questions will be addressed in chapters six, seven, eight and nine. However, as previously 
mentioned, many of the inconsistencies within the music and emotion literature may be due to 
methodological issues, such as a lack of comprehensive and systematic study of music-evoked 
emotion (as opposed to perceived emotion), and limited framing within general emotion theory. 
Consequently, a secondary overarching aim of this thesis is to utilise comprehensive and systematic 
approaches, underpinned by emotion theory, to address the above four questions. This aim informs 
the methodological approaches across chapters six, seven and eight. Understanding music-evoked 
emotion comprehensively could offer potential insights to enable investigation of the effects of music 
biologically (and psychologically) beyond the stress response. The following chapter elaborates upon 
methodological criticisms of the music and emotion research field to be addressed in this thesis. 
  
43 
 
 
5. CHAPTER FIVE: METHODOLOGICAL CRITICISMS OF THE MUSIC AND EMOTION RESEARCH 
AREA 
 
5.1 INTRODUCTION 
Music’s effectiveness at eliciting emotions akin to everyday emotions (Koelsch, Siebel & Fritz, 2010), 
as opposed to purely aesthetic responses (Kivy, 1990), explains music’s therapeutic effectiveness 
(Sacks, 2008; Thaut & Wheeler, 2010). It also explains the widespread use of music as a coping strategy 
(Laukka, 2007) and music playing an integral part in everyday life (Sloboda, 2010; Saarikallio, Nieminen 
& Brattico, 2013; Juslin, 2008). However, to effectively apply music therapeutically beyond music-
making, in terms of music listening and general well-being, it is important to reliably ascertain the 
relationship between musical factors and emotional responses when listening to recorded music. 
Research has largely focussed on the relationship between emotional response and micro factors, 
such as compositional structures or acoustical features within the music. There are theoretical and 
methodological justifications for this focus, particularly considering neuroscientific studies. However, 
these factors are less important when one considers that the listening experience of the general 
population in everyday life involves whole pieces. In this setting, understanding the important 
implications macro musical factors may have for emotional responses during music listening is more 
useful. Macro musical factors posited to relate to emotional response to music listening include 
preference, familiarity and the person selecting the music. The evidence base for the importance of 
these factors is discussed below following a discussion of the methodological criticisms in the field 
that this thesis will address through the chosen methods employed in chapters six, seven, eight and 
nine.  
 
5.2 STIMULI SELECTION 
Studies investigating musical emotion suffer a range of methodological issues: studies often utilise 
only a single piece of music;  where multiple music is used this is often using a between-subjects design 
(Burns et al., 1999), thus ignoring individuals differences in emotional responding; studies utilise a 
limited breadth of genres (Vuoskoski & Eerola, 2013); a Western bias is strongly evidenced, with non-
Western music in a review termed “ethnic”; studies utilise short excerpts of music in the main 
(Vuoskoski & Eerola, 2013); studies focus on a single psychological or emotional dimension, such as 
stress, arousal (stimulative/sedative), valence (happy/sad); studies fail to distinguish between 
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emotion perceived or felt in response to the music. Many studies suffer a combination of these 
methodological issues (Jiang, Rickson & Jiang, 2016). For example, Lepping, Atchley and Savage (2015) 
created a validated musical stimuli set, manipulating valence but matching stimuli for arousal, 
demonstrating the focus only on valence differentiation, excluding arousal differentiation. Studies 
that focus on genre as influential often reflect musical snobbery, showing a disdain for heavy rock 
compared to classical music (Becknell, Firmin, Hwang, Fleetwood, Tate & Schwab, 2008; Ferreira et 
al., 2015), which biases methods and interpretations of results. Rather than investigating the influence 
of music on emotional response, with emotional responses as the objects of interest, studies tend to 
focus on what it is about the music that has an influence, assuming no individual differences in 
responding. For example, Burns, Labbé, Williams and McCall (1999) investigated the effect of different 
genres on subjective and physiological relaxation. Participants were assigned to one of four 
conditions: classical music, hard rock, self-selected relaxation music or no music. Whilst music 
condition influenced self-reported relaxation levels, there were no effects of music type on 
physiological arousal, with all conditions eliciting a reduction in skin temperature. This between-
subjects study design assumed all people would respond to the genre condition to which they were 
assigned in the same way and there would be differences based upon genre type. Instead results 
showed no differential effects of genre on physiological state, suggesting genre type does not 
differentially influence physiological responses.  
 
These types of studies, which focus on genre type, rather than genre preferences, often find a lack of 
differentiated results due to genre and assume a universality of responses to music. Rather than a 
universality of response to the music itself, it is proposed there are universal emotional responses to 
music, but these may result from different musical stimuli across people (Becknell et al., 2008). For 
example, responses may be based upon genre preference rather than genre type. Therefore, using 
music as a tool to study emotional responses is of interest, rather than a focus on comparing specific 
music types. This approach is limited in the literature, thus is taken in this thesis in chapters six, seven 
and eight. This is the necessary approach in order to design an effective and widely applicable 
therapeutic music intervention that relies on manipulating emotional state to then train ability on 
different aspects of emotional intelligence. This approach also fits with testing an interactionist 
approach to musical emotion, rather than a music-specific approach. 
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5.3 COMPOSITIONAL FACTORS – A CRITIQUE 
A simplicity in stimuli and design exists in music and emotion research, which is useful and informative, 
yet overlooks the complexity of emotional response to music that exists in everyday music listening. 
Research to date has tended to focus on compositional factors within the music, such as 
demonstrating a fast tempo, major mode and louder music elicits positively valenced responses 
(Gabrielsson & Lindström, 2010). Within this research, there is often a focus on emotions perceived in 
the music, rather than the emotion that is elicited within the participant. There are also many 
examples where perceived and felt response are confused and remain undistinguished (Chong, Jeong 
& Kim, 2013). One explanation for this focus could be that there is high agreement across listeners as 
to the emotion perceived by the listener, but much less agreement about the emotion elicited, as 
emotional response to music can be highly subjective (Scherer, 2004).  
 
Research that focusses on the emotion evoked in the listener tends to focus on dichotomies, with 
Schubert (2013) identifying happy-sad as the most commonly used dimension in measurement, 
showing a disconnect between measurement and emotion theory. The happy-sad dichotomy does not 
make sense when considered within emotion models, as this conflates arousal and valence, rather 
than systematically varying arousal or valence, or both.  Empirical studies within music and emotion 
show a dominance of dichotomies in study design, such as happy versus sad (Khalfa, Schon, Anton & 
Liégeois-Chauvel, 2005; Miterschiffthaler, Fu, Dalton, Andrew & Williams, 2007; Brattico et al., 2016; 
Hunter, Schellenberg & Schimmack, 2010; Xue et al., 2018; Agstatter, 2015; Lundqvist et al., 2009), 
pleasant versus unpleasant (Koelsch, Fritz, von Cramon, Müller & Friederici, 2006; Ball, Rahm, Eickhoff, 
Schulze-Bonhage, Speck & Mutschler, 2007), pleasurable versus neutral, such as in musically-evoked 
chills research (Grewe et al., 2007; Grewe et al., 2009; Salimpoor et al., 2011), consonant versus 
dissonant (Blood et al., 1999; Biehl, 2015), or musicians versus non-musicians (Brattico et al., 2016; 
Biehl, 2015; Besson & Faïta, 1995). The over-emphasis of investigating dichotomies illustrates that 
much research focussing on music-evoked emotion is limited in study design complexity, limited at 
assessing the spectrum of emotional response to music, is overly focused on musical structure rather 
than emotional response, is constrained to narrow conceptions of structure and focus, and, finally, is 
not fully embedded in emotion theory. Methods used in chapters six, seven and eight address these 
criticisms.   
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5.4 RANGE OF EMOTIONS AND EMOTION THEORY 
By studying dichotomies, methods are disconnected from emotion theory. To fully integrate methods 
within theory, research needs to investigate the four quadrants of the 2D emotion space. Vieillard et 
al. (2008) did consider the four emotion quadrants when attempting to create a validated musical 
stimuli set, although their three studies were focussed on emotion perceived, or recognised, in the 
music, rather than evoked emotion. Their results also demonstrate that the tendency to discriminate 
between happy and sad (valence) is more fluent and automatic than discriminating along the arousal 
dimension. Results showed discrimination between energetic and tense, therefore within the high 
arousal space, further demonstrating a tendency for people to distinguish between the poles of the 
valence dimension, with little consideration for the arousal dimension. This will be discussed more in 
the general discussion. Song et al. (2016) also investigated the four emotion quadrants, measuring 
both felt and perceived emotions. Therefore, research is increasingly considering the four quadrants, 
particularly physiological classification studies from affective computing and engineering, but more 
work is needed. Hence chapters six, seven, eight and nine ensure all four quadrants of the emotion 
space are researched. 
 
Some work is beginning to focus on a broader range of emotions (Zentner et al., 2008; Liljeström, 
2011; Eerola & Vuoskoski, 2011), but these studies are still limited in that they focus on qualitative 
differences between emotions. There is a need for empirical work that considers the broad spectrum 
of different emotions felt to music, whilst also considering the quantitative differences within 
emotional responses, such as the strength or intensity of emotional response, irrespective of the type 
of emotion. This point will be addressed in chapters six and seven.  
 
5.5 CRITIQUES: EXPLANATIONS 
Whilst some studies move away from dichotomies in their approach, on the whole simplicity of stimuli 
and study design when investigating music-evoked emotion is favoured in the literature. This has 
several potential explanations. Firstly, simplistic dichotomous comparisons between stimuli provide 
clear empirical support for specific statements to be made about musical effects on emotion. 
Secondly, a focus on compositional factors provides more easily controlled and manipulated stimuli, 
again facilitating specific statements to be made about musical effects on emotion resulting from 
specific musical aspects. This focus on compositional factors is useful and lends itself particularly well 
for studying emotion perceived in the music, nicely bridging musicology and music psychology, and 
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understood in the historical context of the development of music research. Thirdly, much research in 
this area has chosen to investigate music-evoked emotion using neuroimaging, thus requiring simple 
and very tightly defined and constrained stimuli. This neuroscientific focus arose following Blood et 
al.’s (1999) and Blood and Zatorre’s (2001) PET studies that showed music activates the reward 
circuitry in a similar way to pleasurable stimuli, such as drugs and food (Menon & Levitin, 2005). It also 
mirrors the research agenda more widely that has embraced neuroscience. This is a valuable research 
area, in particular to build a case for music being used for affective therapies. However, stimuli are 
often computer-generated (Koelsch, 2010), as it is a recommendation within neuroimaging techniques 
to match stimuli on all compositional factors except the one under investigation. Therefore, stimuli 
are usually not representative of whole pieces of music and not generalisable to everyday music 
listening. Whilst simplistic study design and a focus on compositional factors are important in 
research, macro musical factors seem more relevant to everyday music listening, such as preference, 
familiarity and song selector, but are less well-researched. These are therefore the focus of chapter 
six. However, as interactionist models gain popularity, empirical work investigating everyday music 
listening and macro musical factors is burgeoning, as the following sections detail. 
 
5.6 EVERYDAY MUSIC LISTENING 
There is a body of literature that employs musical stimuli more representative of everyday music 
listening, such as whole pieces. This research area tends to investigate the use of music as a tool to 
understand the individual, as opposed to the direct influence of musical factors on emotion within 
and across individuals. For example, studies have investigated how music is used to define self-identity 
(DeNora, 1999; Frith, 1996; Gabrielsson, 2010; North & Hargreaves, 1999), group behaviour 
(O’Connell & Castelo-Branco, 2010; Elder, 1964; Peretz, 2001; Wallin, Merker & Brown, 2000), coping 
strategies (Dijkstra & Hakvoort, 2010; Saarikallio, 2011; Laukka, 2007; DeNora, 2000) and mood 
management (Saarikallio & Erkkilä, 2007; Gomart & Hennion, 1999). Thoma, Ryf, Mohiyeddini, Ehlert 
and Nater (2012) suggest that, in general, mood-congruency regulates music selection in everyday 
emotional situations, although this is modulated by dispositional emotional regulation style and 
depends on the emotional dimension of the situation, as explained by arousal and valence. Research 
that does examine direct relationships of music on emotional response in the individual tend to be 
qualitative in nature (Aldridge, 2010; Fachner, 2010; Horesh & Zoharium, 2010; Abdollahnejad, 2010; 
Dijkstra, 2010), focussing on the experience of the individual rather than factors in the music that elicit 
responses. However, there is a move towards utilising experience sampling methods to gain more 
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ecologically valid understanding of music listening and emotion regulation in everyday life (Juslin 
Liljeström, Västfjäll & Lundqvist, 2010; Randall, Rickard & Vella-Brodrick, 2014). 
 
5.7 MACRO MUSICAL FACTORS 
There is a growing evidence-base examining macro musical factors, predominantly focusing on 
musical preference or familiarity, as the following sections discuss.  
 
5.7.1 Preferences – Genre and Personality 
Musical preference is often defined as genre preference, but studies have also conceptualised musical 
preference by measuring liking. Music preference and personality is a well-researched topic, with 
Extraversion and Openness consistently found to be related to genre preference (Rentfrow & 
McDonald, 2010). 
 
Research between music preference and personality began in the 1950’s, although mainly focussed 
on classical music. Payne (1980) examined various factors that are linked to music preference, 
including musical training. Litle and Zuckerman (1986) conducted the first study on genres beyond 
classical and jazz. Sensation-seeking emerged as linked to preferences for particular musical styles and 
genres, resulting from factor analyses of preferences for sixty genres (Litle & Zuckerman, 1986). 
Results showed a positive relationship between sensation-seeking and a preference for rock music, 
with a negative relationship to preferences for film music. Further research posited links between 
genre preference and personality; namely correlations between preferences for classical, jazz and soul 
music and Openness and hard rock preferences correlated with facets of Extraversion (Dollinger, 
1993). However, a lack of consistency in methods, personality measures and selected genres 
prevented a consistent pattern of results across studies. Rentfrow and Gosling (2003) conducted 
seminal work using multiple methods and samples, identifying four music-preference dimensions, 
using factor analysis and confirmatory factor analysis: Reflective & Complex, showing a preference for 
classical, jazz, folk and blues, positively correlated to Openness; Intense & Rebellious, with a 
preference for rock, alternative and heavy metal and a positive relationship to Openness; Upbeat & 
Conventional with preferences for pop, soundtracks, religious and country music and positively 
correlated to Extraversion, Agreeableness and Conscientiousness; and finally, Energetic & Rhythmic, 
with preferences for rap, soul and electronica and positively correlated to Extraversion and 
49 
 
Agreeableness. These patterns have been replicated cross-culturally and across age ranges, suggesting 
personality structure underlies genre preferences. These relationships are beginning to be extended 
to assess whether personality is related to music preferences at the compositional level (Rentfrow & 
McDonald, 2010). Yet to be established is to what extent these preferences are culturally learnt.  
 
Some research has examined the effect of preference on emotional response. Alluri et al. (2013) used 
voxel-based encoding to build a predictive model of brain responses over time to natural musical 
stimuli. Interestingly, a musical stimulus of changing genre did not produce an emotional response in 
the brain, whereas a medley of a consistent genre and artiste produced activity in the limbic areas. 
Results could be explained by similar brain areas being used to process similar music, and that these 
areas diverge for differing genres. More plausible, perhaps, is the potentially differing emotional 
response of participants to different genres was a result of existing experience and preference, which 
was not controlled for. This study was able to build a model that predicted activation in response to 
musical stimuli, but not to emotional activity in response to different genres, suggesting that whilst 
music is perceived and processed consistently in the brain, the emotional response is subjective and 
influenced by genre. When the artist was consistent, for example the Beatles, limbic activity could be 
predicted, suggesting that some musical commonality relates to emotional experience to music. This 
is difficult to assess in Alluri et al.’s (2013) study due to the lack of background information relating to 
participant preferences and musical engagement. Further, it would need to be tested whether keeping 
the genre consistent, but not the artist, would produce similar predictive power of limbic activity. 
However, findings from Alluri et al.’s (2013) study suggest emotional response could be dependent 
upon genre preference, rather than genre type. This supports Meyer’s (1956) and Huron’s (2006) 
theoretical propositions that emotional response to music results from experience of common musical 
conventions creating musical expectations that are violated and resolved. It would also explain why 
previous research finds no differential emotional effects based upon genre type, because instead it is 
genre preference that is important. This notion is further supported by the personality and preference 
studies discussed above.  
 
Ladinig and Schellenberg (2012) examined associations between personality traits and emotional 
response to music, the first study of this kind. Further, as well as measuring emotional response to 
music they also captured liking as a measure of preference, using unfamiliar excerpts from a variety 
of genres. They found listeners liked music associated with stronger feelings that were happy and 
disliked ‘sad’ music. Mixed feelings of sad and happy were evoked to music with inconsistent happy 
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and sad cues. This was posited because the music was selected based on manipulating mode and 
tempo, therefore again focussing on musical factors at a compositional level. One of several findings 
relating to personality was that high agreeableness ratings were associated with more intense 
responses to music. This study is one of the first to demonstrate that music preference varies as a 
function of emotional response and individual differences in personality and musical training. Whilst 
this study is a positive step towards examining preference and the relationship to emotional response, 
the study used unfamiliar music only, and ratings only of happy, sad and emotional intensity, again 
displaying the methodological tendency to focus on a dichotomy of valence to capture emotional 
response. The study also focussed on personality and emotions influencing preference, rather than 
the influence of preference on emotional response. Therefore, this study is an example of empirical 
work moving towards examining factors related to emotional response. However, it is bound by 
similar critiques as mentioned earlier; preference is a dependent variable, music is manipulated in 
terms of perceived emotion resulting from compositional factors and emotions are measured in terms 
of a valence-based dichotomy of happy-sad. In addition, other research has tended to focus on the 
influence of emotions on musical preference (Xue, Li, Zhu & Tan, 2018), as opposed to the influence 
of preference on emotional response, although Liljeström, Juslin, and Västfjäll (2013) found the 
personality trait, Openness to Experience, influenced intensity of emotional response to music. There 
is, therefore, a need for empirical work examining the influence of preferences on emotional 
response. This is investigated in chapter six. 
 
5.7.2 Familiarity – Song Familiarity 
Familiarity of music is shown to have various effects on an individual, such as increasing memory and 
feelings-of-knowing (Korenman & Peynircioğlu, 2004), affecting rhythm perception (Hannon, Soley & 
Ullal, 2012), facilitating favourable evaluations (Garivaldis & Moss, 2007) and influencing recognition 
(Stalinski & Schellenberg, 2013).  Most research examining familiarity has studied the impact of 
familiarity on liking, showing that as familiarity increases, so does liking (North & Hargreaves, 1995; 
Schäfer & Sedlmeier, 2010; 2009).   
 
Schellenberg, Peretz and Vieillard (2008) used perceived emotional music from the classical genre. For 
non-focussed listening, liking displayed a positive linear relationship based on exposure, whereas an 
inverted-U shape was observed in a focussed listening condition. Liking initially increased after two 
exposures, returned to baseline after eight plays and then decreased after thirty-two repetitions. This 
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demonstrated that as unfamiliar music becomes familiar, liking increases, followed by a decrease 
following overexposure, explained as oversaturation. Focussed listening produced higher liking for 
happy compared to sad music, but no difference in an incidental listening scenario. This study suggests 
there is a saturation point where unfamiliar music, as it becomes familiar, is related to preference, but 
liking then decreases after overexposure. This study, similar to others in the field, uses novel music 
repetitively to manipulate familiarity, which potentially explains oversaturation as it lacks the liking 
aspect of self-selected music. Furthermore, Schellenberg, Peretz and Vieillard (2008) were interested 
in emotion perceived in the music, rather than emotion evoked in response to the music. In particular, 
their study was interested in why evidence has found a preference for happy sounding music, yet 
people choose to listen to sad-sounding music.  
 
Fluency models explain the increase of liking as familiarity increases, because ease of processing 
produces positive affective responses. Fluency models do not explain explicit familiarity and increased 
liking, nor do they explain evidence of over-saturation effects. A two-factor model of exposure and 
liking, linked to an arousal potential, does explain these other findings.  
 
One largely unexamined issue in the literature is whether liking is analogous to emotional response, 
which seems an implicit assumption in this research area. Perhaps the study that most closely 
examines the impact of familiarity on emotional response, justifying how liking is akin to emotional 
response, is a study by Van den Bosch, Salimpoor and Zatorre (2013). They suggest that anticipation 
and expectation induce musical emotion (Huron, 2006), therefore familiarity produces enhanced 
expectations, producing enhanced liking, which evolves into enhanced emotional arousal. Therefore, 
they suggest that liking is akin to increased emotional response.  In their study, they provide evidence 
that familiarity mediates the relationship between emotional arousal and pleasure during music 
listening, with self-reported familiarity increasing self-reported pleasure. Novel music that was 
experienced as pleasurable, compared to novel music rated as neutral, was not related to 
physiological arousal levels. Results suggest expectation and predictability mediates arousal in 
response to music, requiring a level of familiarity to influence arousal response to music. Explicit 
familiarity was positively correlated to pleasure and increased arousal, as opposed to mere exposure 
that was not explicitly recognised. This effect held for slightly familiar pieces compared to unfamiliar 
pieces. Research therefore suggests that familiarity influences liking, and emotional response to 
music, with increased positive responses as familiarity of music increases. Familiarity studies find a 
positive relationship between familiarity and preference, but often use a dichotomous measure of 
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familiarity, usually familiar versus unfamiliar, rather than a gradated measure or manipulation of 
familiarity. Further, most studies focus on how familiarity influences liking, rather than the influence 
of familiarity on emotional response. Previous work has also manipulated familiarity within the study, 
rather than using pre-existing, ecologically valid levels of familiarity. The methodological approach 
taken in chapter six is therefore determined by these criticisms.  
 
5.7.3 Song Selector 
A further question seems unaddressed in the literature, that of song selector. There is debate 
concerning whether music-evoked emotion is universal (Eerola & Vuoskoski, 2011) or subjective 
(Scherer & Zentner, 2001; Höller, Thomschewski, Schmid, Höller, Crone & Trinka, 2012), as previously 
discussed. If universal, it should be possible to elicit similar emotion across participants using the same 
musical stimuli. If subjective, the same pieces of music should not necessarily produce the same 
emotional responses across participants. In terms of application of music therapeutically, it is 
important to understand the advantages and disadvantages of different song selectors, because some 
instances may require a preference for stimuli consistency across participants (such as in a group 
setting), whilst others may prefer guaranteeing a strong emotional response. Across studies there is a 
general tendency towards either the researcher picking the music for all participants or participants 
individually selecting their own music. In the former, stimulus control and matching is maintained, but 
risks limiting an emotional response due to individual subjectivity in response to music. The latter is 
used particularly in music-evoked chills research, where a peak pleasurable emotional response is 
necessary, requiring a strong and reliable emotional response. Whilst participants selecting their own 
music presumably guarantees an emotional response, there is no consistency of stimuli across 
participants. This means generalisability is limited and no inferences can be made as to what elicits a 
strong emotional response. It is not clear how song selector influences specific aspects of music-
evoked emotion; therefore, this was investigated in chapter six, examining what influence song 
selector has on emotional response to music.  
 
5.8 SUMMARY 
As detailed above, there are many criticisms of the methodological approaches in the literature, which 
this thesis will address through four experimental studies in the following four chapters: chapters six, 
seven, eight and nine. Criticisms are addressed as follows: in the current thesis, the focus of study is 
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the emotional response, rather than characteristics of the music itself; a range of emotions are -
measured, framed within emotion theory; discrete and circumplex models are utilised simultaneously; 
the four emotion quadrants are researched throughout; dichotomies are avoided; and there are no 
constraints regarding the variety of genres used or emotions measured.  
 
The experimental studies are designed to answer the four questions posed as necessary to address in 
order to develop an evidence-based music listening intervention, as stated at the end of chapter four. 
These are addressed as follows: 
 
Chapter six investigates how genre preference, song familiarity and song selector influence emotional 
responses to music. Chapter seven examines what influence holding an autobiographical memory to 
music has on emotional responses, over and above the macro musical factors examined in chapter six. 
These two chapters address the question: What is emotional music?  
 
Chapter eight then investigates subjective and physiological responses to emotional music, addressing 
the question: What does emotional music do subjectively and physiologically?  
 
Chapter eight also addresses the question: Does interoception play a moderating role in the 
relationship between subjective and physiological emotional responses to music?  
 
The novel intervention was designed based on the existing evidence in the literature and from findings 
in chapter six, seven and eight. The intervention is then tested in chapter nine, addressing the 
question: Can music listening be used to train interoceptive ability, influencing emotion regulation? 
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6. CHAPTER SIX: STUDY ONE: “FEELING THE FAMILIAR”:  MACRO MUSICAL FACTORS 
INFLUENCING MUSIC-EVOKED EMOTION 
 
6.1 OVERVIEW 
As discussed in the general introduction, in order to create a music listening intervention to train 
emotion regulation, it is important to know what is ‘emotional music’. That is to say what factors 
relevant to everyday music listening influence emotional response to music, and how? Therefore, the 
current study investigated what influence macro musical factors have on emotional response to music, 
and how they interact. 
 
STUDY ONE: “Feeling the Familiar”: Macro Musical Factors Influencing Music-Evoked Emotion 
 
6.2 INTRODUCTION 
Two research topics that have investigated macro musical factors are musical preferences and 
familiarity, as discussed in the general introduction. The dominant focus of study related to musical 
preference is the relationship between genre preferences and personality. Research has focused on 
what factors may contribute to developing genre preferences but is lacking in examining what impact 
these genre preferences have on emotional response to music, which is one aim of the current study. 
Familiarity research often uses preference (liking) as a dependent variable, rather than emotional 
response. As presented in the general introduction, both research areas lack studies examining how 
preference and familiarity influence emotional response, and the interaction between these factors 
on emotional response. This demonstrates the rationale for the current study: to comprehensively 
study genre preference and song familiarity, and the interaction between them, as factors influencing 
emotional response to music. Further, as outlined in the general introduction, there is also a need to 
examine the breadth of different emotional responses to music as related to theory, along with 
consideration of the quantitative differences. Therefore, this study will investigate the influence of 
genre preference and song familiarity on both strength of emotional response and profile of emotional 
response, utilising discrete and circumplex emotion models.  
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However, there is not only a methodological rationale to study these two factors together and their 
interacting influence on music-evoked emotion, but also a theoretical rationale. This is largely 
unexplained, or otherwise merely implied, in the literature, but is outlined here.  
 
Music preferences can be stable over time and sociological research suggests music preferences, 
usually defined by genre, are related to social-class (Katz-Gerro, 1999; Van Eijck, 2001), social status 
(Chan & Goldthorpe, 2006; Katz-Gerro, Raz & Yaish, 2007), living environments (Fox & Wince, 1975; 
Katz-Gerro, 1999), gender (Colley, 2008; Christensen & Peterson, 1988) and other demographic 
differences, such as age (see Russell, 2007, for a review). It seems musical preferences are related to 
sociocultural factors, therefore socially constructed.  
 
Both Meyer (1956) and Huron (2006) propose that emotional response to music is elicited by musical 
expectation being set up, violated and resolved. These musical expectations are culturally defined, 
based on the specific musicological culture one grows up in, as different cultures have different 
musical norms, rules, scales, keys and modes. Therefore, emotional response to music is also, to a 
certain degree, socially constructed.  
 
Within each broad musical culture, there are lower level musical cultures, labelled genres. Each genre 
is also defined by specific musicological frameworks and conventions. It is therefore reasonable to 
assume that genre preference, as a representation of sociocultural background, would influence 
emotional response to music. 
 
Sociocultural background, and therefore musical and genre preferences must also relate to familiarity. 
Background determines what we are exposed to and therefore what is familiar. The familiarity 
literature, reviewed previously, demonstrates the more familiar something becomes the more it is 
liked. Therefore, it is reasonable to assume the more one is exposed to certain genres, and the more 
familiar they become, the more they will be liked, forming stable genre preferences. If something is 
more liked, potentially analogous to positive affective response, the more this stimulus will be sought 
out, increasing familiarity, increasing liking and further cementing the genre preference. Schäfer and 
Sedlmeier (2009) found emotions and familiarity significantly predicted preference, again suggesting 
a link between emotional response, preference and familiarity.  North and Hargreaves (1995) ran a 
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study to investigate the optimal complexity and preference-feedback hypotheses, specifically finding 
support for a positive relationship between preference and familiarity. However, as noted elsewhere, 
assuming a linear relationship between preference and familiarity is oversimplistic, as studies also 
show liking decreases due to overexposure to a stimulus (Schellenberg et al., 2008). Therefore, other 
factors beyond familiarity play a role in developing preferences.  
 
As mentioned previously, most of the work examining familiarity investigates the impact of familiarity 
on liking or preference. Further work is needed to ascertain whether preference and liking is 
analogous to strength of emotional response. There is evidence that familiarity does elicit stronger 
affective response (Van den Bosch et al., 2013). Ali and Peynircioğlu (2010) compared felt and 
perceived emotional responses, slong with liking, to familiar and unfamiliar music, using four emotion 
ratings, one for each quadrant of the 2D emotion space, using between-subjects design across three 
experiments. Results showed positive emotions were rated as more intense than negative emotions, 
particularly for felt responses, perceived responses were more intense than felt responses and familiar 
music was rated as more intense than unfamiliar music. The familiarity effect was not differentiated 
by felt compared to perceived emotions. Pereira, Teixeira, Figueiredo, Xavier, Castro and Brattico 
(2011) used fMRI to investigate musical excerpts that participants rated for familiarity 
(familiar/unfamiliar) and liking (like/dislike). Results showed stronger activity in brain areas associated 
with emotional responses, such as the limbic, paralimbic and reward areas, for familiar music, 
irrespective of whether it was liked or disliked, compared to unfamiliar music. Preference for the music 
modulated these brain areas with only marginal effects. Results were interpreted as familiarity for 
music plays a crucial role in eliciting emotional responses, whereas preference does not. However, 
this study did not measure subjective reporting of emotional responses to music, so the role of 
familiarity in subjective experience of emotion as distinct from the role of preferences could not be 
ascertained.   
 
Schubert (2007) investigated the influence of felt versus perceived emotion and familiarity on 
preference. Familiarity, Gap Across Emotion Loci (GAEL; the gap between felt and perceived 
responses) and felt emotional response explained 46.9% of the variance in preference, as a measure 
of liking. Results showed felt emotional response to music determines lliking, as opposed to perceived 
emotions in the music, although both felt and perceived emotional responses were correlated with 
preferences for negative emotional music. Krugman (1943) demonstrated that repetition and 
familiarity influenced the affective response to musical stimuli, positing that preference for a specific 
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piece of music, or a genre as a whole, increases as a result of familiarity. Krugman’s bias towards 
classical music and very small sample size limits the generalisability of the results. The current study 
therefore will extend these results by examining genre and familiarity and the impact on emotional 
response with a larger sample and more diverse range of genres. The current study also extends Van 
den Bosch et al.’s (2013) study on familiarity, preference and emotional response with music in several 
ways: by measuring strength of emotional response arousal deactivation is included, rather than a 
focus on increased arousal alone; their study excluded pieces that were rated as negatively valenced 
as the focus was on pleasure and liking, whereas this study includes both ends of the valence 
spectrum; the current study examines veridical as well as structural knowledge, by employing levels 
of genre preference and levels of song familiarity, as opposed to the assessment of structural 
knowledge alone as in Van den Bosch et al.’s (2013) study; the current study does not restrict 
participants to one homogenous group of people in terms of music preference. Finally, the current 
study extends previous work more generally in the field that has focused on only familiar music, or 
only unfamiliar music that is then played repeatedly to increase familiarity. The novel aspect in the 
current study is the use of levels of familiarity that exist for the individual participant in everyday life. 
 
Therefore, it makes logical sense to study preference and familiarity together. The current study will 
use stable genre preference as the framework within which sits gradated song familiarity in order to 
differentiate effects of genre preference from familiarity effects. Whilst the current study will 
manipulate genre preference and familiarity as independent variables, pre-existing, gradated genre 
preferences and familiarity levels will be used, as opposed to experimentally producing increasing 
familiarity or preference as previous work has often done. This approach was chosen to attempt to 
study these factors in an ecologically valid way, to attain as close a replication to everyday music 
listening criteria as possible. 
 
As discussed in the general introduction, there is debate regarding the extent to which emotional 
response to music is universal or subjective. Given the goal of this thesis is to support the use of music 
to train emotion regulation, which necessitates first understanding what constitutes emotional music, 
it is important to ascertain to what extent emotional response is dependent upon who selects the 
song. Participant-selected music can be used to represent subjectivity whereas researcher-selected or 
matched-music can be used to represent universality. To the author’s knowledge, no study has directly 
addressed what differences in emotional response arise, if any, if the researcher picks the music 
compared to the participant. Previous studies use either participant, self-selected music, or 
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researcher-selected music. This study will directly address the question of song selector influence on 
music-evoked emotion. Primarily of interest is the question: can a third party (researcher) be as 
effective at choosing emotive music as a self-selector? It is hypothesised, that song selector will 
influence strength of emotional response but not profile of emotional response. A common profile of 
emotional response that is not influenced by the song selector would be consistent with the 
hypothesis that there is an underlying universality to music-evoked emotion, explained by 
musicological factors. 
 
Finally, both felt emotional responses to the music and emotions perceived in the music will be 
measured. The function of this approach is to directly compare felt and perceived response as this 
serves the purpose of addressing a confusion in the literature, or at least a lack of clarity in previous 
studies, as discussed in the general introduction. However, it also more broadly speaks to the debate 
about subjectivity versus universality of responses to music. 
 
6.2.1 Study Aims and Hypotheses: 
Therefore, this study will address the influence and interaction of three macro musical factors on 
emotional response to music: FAMILIARITY, GENRE PREFERENCE and SONG SELECTOR. It will also investigate 
any differences between felt and perceived emotional responses to music, EMOTIONTYPE, and how 
these factors interact. The study has six aims, to investigate the effects of the following on music-
evoked emotion: 
1) Influence of genre preference 
2) Influence of song familiarity 
3) Influence of song selector 
4) Distinction between felt and perceived responses to music 
5) Interaction between the factors 
6) Relationship of emotional response to theoretical measurement model adopted 
 
The following are hypothesised:  
• Preferred genres will elicit stronger emotional responses, followed by disliked genres.  
• The more familiar a song, the stronger the emotional response to music.  
• Self-selected music will elicit stronger, but not qualitatively different, emotional responses 
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• Perceived musical emotions will be stronger compared to felt emotions  
• These factors will interact to influence emotional response 
• Findings will be differentiated by emotion model  
 
 
 
6.3 METHOD 
6.3.1 Participants 
Participants (N=29, female=19; MAge=26.72, SD=7.23, age range: 19-45) were recruited via email from 
undergraduate and postgraduate students at the University of Surrey (N= 20) and the general public 
(N=9). Participants had normal hearing and self-identified as ‘liking listening to music’ and were willing 
to give two and a quarter hours of their time. They received chocolate or fruit for participation. This 
study received a favourable ethical opinion from the University of Surrey Ethics Committee.  
 
6.3.2 Materials 
Demographic questionnaire (Appendix A) – this was a general questionnaire capturing background 
information about the participant and their music listening and music-making habits.  
Geneva Emotions to Music Scale (GEMS-9) – the GEMS-9 is the only scale specifically designed to 
measure music-evoked emotion (Zentner, Scherer & Grandjean, 2008). It has nine factors/emotions 
(Wonder, Transcendence, Tenderness, Nostalgia, Peacefulness, Power, Joyful Activation, Tension and 
Sadness), each self rated on a scale of 1-5 (1 = Not at all, 5 = Very Much), meaning it is a discrete model 
of emotion measure, measuring discrete emotion categories. 
 
Self Assessment Manikin (SAM) - The SAM is used to measure state affect. This is a self-report, non-
verbal emotion measure, measuring three dimensions using pictures: Pleasure (Happy-Unhappy), 
Arousal (Excited – Calm), Dominance (Controlled – In Control), rated on a 9-point scale. 1=very 
pleasureable – 9=unpleasurable; 1=high arousal - 9=low arousal; 1=dominated – 9=dominant. As it is 
non-verbal it is claimed to be more reliable than measurements with semantic influences (Bradley & 
Lang, 1994). State affect was collected in order to evaluate mood state before each listening phase as 
well as a measure of music-evoked emotion. It is a circumplex model of emotion measure.        
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Pleasure Arousal Tension (PAT) measure – This is a three dimensional emotion measure (Schimmack 
& Grob, 2000), measuring emotional dimensions of valence, energetic arousal, tense arousal (Thayer, 
1989). It is the only emotion measure published that has been used for both felt and perceived 
emotions in response to music. It is an 18-item self-report questionnaire, capturing responses on a 4-
point Likert scale (1=I do not feel/perceive it – 4=I feel/perceive it strongly).  
Each track was rated for liking, familiarity and typicality of the piece to the genre on a scale of 1-5 (1 
= disliked/unfamiliar/not-typical, 5 = like/familiar/typical). The scales (apart from typicality) were 
based on the inventory used in Schubert (2010) but the rating increments were altered to 1-5 to match 
those of the GEMS-9 (Appendix B). 
Music – The music was selected as per the description below. Participants were given preferred, 
moderately preferred and disliked genres, based on their ratings for genre preferences. For the three 
assigned genres corresponding to each level of GENRE PREFERENCE, participants selected three songs: 
familiar, moderately familiar and unfamiliar, resulting in nine songs. The experimenter then selected 
a further nine songs against the same criteria for the participant, using piloting, chart position and 
popularity ratings to achieve accurate familiarity levels. Participants were free to select any songs they 
liked, as the study was not interested in the effects of the characteristics of the music, but instead 
interested in the effects of the macro factors of genre, familiarity and song selector on a listener’s 
emotional response. Music was selected from all types of genre as categorised by iTunes genre 
classifications, and most contained lyrics. Some participants selected the same song as another 
participant, but generally music selections were different across participants. The songs selected by 
the researcher were always the same within each genre category, introducing stimuli control across 
participants for the researcher selected music.  
 
6.3.3 Experimental Design and Procedure 
This employed a 3x3x2x2 repeated-measures design. There were four factors: FAMILIARITY (3 levels: 
familiar, moderately familiar, unfamiliar); GENRE (3 levels: preferred, moderately preferred, disliked); 
SONG SELECTER (2 levels: participant-selected (OWN), researcher-selected (RES)); EMOTION TYPE (2 levels; 
Felt and Perceived). DVs were the GEMS-9, SAM and PAT. 
 
Participants rated songs firstly based upon felt emotional response (FELT) and secondly in terms of 
emotion perceived in the music (PERCEIVED). There were four blocks, with a neutralising video played 
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between FELT and PERCEIVED blocks: FELT-OWN; FELT-RES; PERCEIVED-OWN; PERCEIVED-RES. Block order was 
counterbalanced and song order was randomised within and across participants.  
 
Participants were required to complete a genre preference (Appendix C) form via email once they 
expressed an interest in taking part. Sixteen genres were included, using the iTunes classification. 
Participants ranked the genres for preference (1-16) and how often they listened to them (1-5). The 
researcher then selected the participant’s most preferred genre, a moderately liked genre and their 
least favourite genre, based on these ratings. Participants were informed of their three genres by 
email and instructed to select three songs for each genre; one very familiar, one moderately familiar 
and one unfamiliar. The researcher also selected nine songs for the participant based upon the same 
criteria. The researcher used chart position, popularity ratings on iTunes and Spotify and also piloted 
song selections with peers to ensure songs were appropriate in terms of familiarity levels. Participants 
emailed their nine songs to the researcher and participant playlists were created on Spotify in advance 
of the lab part of the study. 
 
Music was played using Spotify, through the speakers of an Apple laptop, as may occur at home to 
create as natural a listening environment as possible in a laboratory. Distance to the computer and 
volume level was matched across participants. The distance was not measured but instead marked 
with tape to ensure it was the same across all participants, as the experimental set-up and equipment  
in the lab was not changed for the duration of data collection. Volume level was set at maximum for 
all participants to ensure consistency. The sound level was checked before data collection began to 
ensure the maximum level complied with Health and Safety listening volume levels, although actual 
volume was not recorded. When the participant attended the listening session they completed a 
demographic questionnaire, two personality measures and a self-report state emotion measure 
(SAM), after giving written informed consent. Participants listened to the first 2 minutes of each of 
their nine songs (FELT-OWN). 20-secs of random white noise was played between songs to limit carry-
over effects across songs. Songs and white noise ran smoothly into each other as blocks were set up 
as playlists in Spotify. Participants rated their FELT emotional response using the PAT, the SAM, and 
the GEMS-9 as they listened to each song. By getting participants to rate emotions during listening, as 
opposed to after, it is more representative of the affective state and involves less of the evaluative 
aspect of emotion. Completing emotion ratings during music listening is an established method within 
the literature (Juslin et al., 2008; Nagel et al., 2007). The order of the presented measures was 
randomised across participants to minimise any order effects on emotional responses. A measure 
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capturing genre preference, song familiarity and typicality of genre was also completed to check the 
manipulations were successful.  Participants listened to the first 2 minutes of each of the nine songs 
selected by the researcher (FELT-RES), presented in the same way with FELT responses captured on the 
same measures. Participants watched a neutral video about carpets to neutralize feelings and 
completed the SAM again to ensure mood neutralization was successful. Analysis of this SAM measure 
confirmed the video neutralized feelings (See Appendix E for data). Finally, participants listened to all 
eighteen songs again, in two further blocks (PERCEIVED-OWN and PERCEIVED-RES), rating the emotion they 
PERCEIVED in the music using the same measures. All song orders and block orders were 
counterbalanced across participants.  
 
6.3 4 Data Analysis 
As a variety of analyses were run on the three emotion measures. Inclusion of both the SAM as a 2D 
measure as well as a 3D measure meant four emotion measures were investigated. Strength of 
emotional response was examined, irrespective of type of emotional response. Profile of emotional 
response was explored, considering the different types of emotion response. Gap Across Emotion Loci 
(GAEL, as proposed by Schubert (2010)), captured the difference between felt and perceived emotion 
of the music, and then the difference in felt emotion between participant-selected and researcher-
selected songs was explored using a GAEL approach. Details of how the various emotion measures 
were processed to conduct these different analyses can be found in Appendix D. 
 
 
 
 
6.4 RESULTS 
6.4.1 Testing the Manipulation 
Three 3x3x2 repeated-measures ANOVAs were run to check the effect of the manipulations, 
examining the influence of FAMILIARITY, GENRE and SONG SELECTER on liking, familiarity and genre 
typicality ratings. Results are presented in Appendix E so as not to confuse the dense analyses that 
follow. What can be concluded from these analyses is that the manipulation was effective. Results 
demonstrated songs were appropriately selected, representing desired levels of song familiarity, 
preference in terms of genre, and were typical to the genre, with unfamiliar songs marginally less 
typical, suggesting they had been selected without prior listening, and they were therefore reliably 
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classed as unfamiliar. Of note is that songs selected by the participant were rated significantly more 
familiar (for disliked genres) and more liked compared to songs selected by the researcher.  
 
In the following sections the impact of genre preference, familiarity and song selector on felt and 
perceived emotion were measured using three different models of emotion. 1) a categorical model of 
emotion using the GEMS; 2) A generic dimensional model of emotion using the SAM; 3) A dimensional 
model that has been applied to musical emotion using the PAT. Details of the separate analyses are 
provided in the following sections and an overview can be seen in Table 6.1. 
 
6.4.2 Strength of Emotional Response Analyses Summary 
Four 3x3x2 repeated measures ANOVAs were run on strength of emotional response. Due to space 
constraints, and that the below analyses investigating profile of emotional response also capture 
strength of emotional response, results for the strength of emotional response analyses are not 
reported here. Full statistical analyses testing the influence of the macro musical factors on strength 
of emotional response can be found in Appendix F, firstly for GEMS-9, secondly for SAM 2-D, followed 
by results for SAM 3-D and finally for the PAT. 
 
6.4.3 Profile of Emotional Response Analyses 
In addition to examining the influence of the factors on strength of emotional response, it was 
important to also investigate whether the factors produce any differentiated emotional profiles. The 
following analyses examined the emotional response profiles across the three emotion measures. 
Three, four-way profile analyses (Tabachnick & Fidell, 2007) were run, one for each measure, with the 
following factors: GENRE (Preferred; Moderately Preferred; Disliked); FAMILIARITY (Familiar; Moderately 
Familiar; Unfamiliar); SONGSELECTOR (Own; Res); EMOTIONTYPE (Felt; Perceived). The emotion measures 
were used as dependent variables respectively in the three analyses.  GEMS-9: Nine DVs: Wonder; 
Transcendence; Power; Tenderness; Nostalgia; Peacefulness; Joy; Sadness; Tension; SAM: Three DVs: 
Pleasure; Arousal; Dominance; PAT: Three DVs: Pleasure; Arousal-Wakefulness; Tension-Arousal. A 
comparison across measures is presented in Table 6.1. Significant main effects of all four factors were 
found across all three emotion measures (SONGSELECTOR was marginally significant for PAT), as were 
significant two-way interactions of GENRE*EMOTIONTYPE (marginally significant for the GEMS-9) and 
FAMILIAIRTY*EMOTIONTYPE, with SONGSELECTOR*GENRE also significant for the SAM and the PAT. Three-
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way interactions showed SONGSELECTOR*FAMILIARITY*EMOTIONTYPE was significant for the SAM and the 
PAT, and marginally significant for the GEMS-9. SONGSELECTOR*GENRE*FAMILIARITY was marginally 
significant for the PAT. There were no significant four-way interactions. Results showed a consistent 
pattern of results across the measures, with the dimensional measures picking up interaction effects 
of SONGSELECTOR, GENRE and FAMILIARITY not captured on the categorical measure of emotion. Only  
significant main effects and interaction effects are reported. Correlations between levels on each 
emotion measure can be found in Appendix H. 
 
6.4.3.1 GEMS-9  
A 2x2x3x3 Profile Analysis was run, with the nine GEMS emotions as DVs to examine effects of the 
factors on the GEMS emotions and the relationship between the nine GEMS emotions. There were 
four factors: SONGSELECTOR (Own; Res); EMOTIONTYPE (Felt; Perceived); GENRE (Preferred genre; 
Moderately preferred genre; Disliked genre); FAMILIARITY (Familiar songs; Moderately familiar song; 
Unfamiliar song). All assumptions of the test were met, however due to the small sample size Pillai’s 
trace is reported. Sidak pairwise comparisons were run to examine significant main effects and 
interaction effects. Sidak Pairwise comparisons were used as the post-hoc tests, which adjust for 
multiple comparisons in the way they are computed.  
 
6.4.3.1.1 Aim 1 Analyses – Genre Preference  
What influence does genre preference have on emotional response to music? 
There was a significant main effect of GENRE, V=0.53, F(18,94)=1.88,p=.027, ηp2 = .27, power=.95. As 
genre preference increases, emotion ratings also increase for all emotions except Tension. Sidak 
pairwise comparisons showed preferred genres elicited significantly stronger emotions for Wonder 
(M=3.02), Transcendence (M=2.77), Tenderness(M=2.69), Nostalgia (M=3.15) and Sadness (2.11), 
compared to disliked genres (Wonder; M=2.20, p=.003; Transcendence; M=1.90, p=.001;  Tenderness; 
M=2.06, p=.024; Nostalgia; M=2.45, p=.014; Sadness; 1.75, p=.011). Preferred genres elicited 
significantly stronger emotional responses compared to moderately preferred genres for Wonder 
(M=.256; p=.022) and Tenderness (M=2.22, p=.029).  Moderately preferred genre music (M=2.41) 
elicited significantly stronger emotional responses compared to disliked genres (M=1.90, p=.019) for 
Transcendence only (see Table 6.2).  
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Table 6.1    
    
Pillai’s trace (V), F-ratio, significance level and effect size for significant and marginal  main and interaction effects for each emotion 
measure from 4-way MANOVAs, for comparison across measures 
 
 GEMS SAM 3-D PAT 
Main effects    
Genre V=.53, F=1.88, p=.027, ηp2 = .37* V=.26, F=2.41, p=.033, ηp2 = .13* V=.31, F=3.33, p=.005, ηp2 = .15 a ** 
Familiarity V=.89, F=4.15, p<. 001ηp2 = .44a*** V=.55, F=6.24, p<.001, ηp2 = .28*** V=.48, F=5.86, p<.001, ηp2 = .24*** 
Song Selector V=.63, F=3.60, p=.009. ηp2 = .63** V=.30, F=3.30, p=.038, ηp2 = .30* V=.22, F=2.47, p=.09, ηp2 = .22 
EmotionType V=.83, F=10.64, p<.001 ηp2 = .83*** V=.43, F=5.74, p=.004, ηp2 = .43* V=.42, F=6.37, p=.002, ηp2 = .42** 
2-way Interaction effects 
Genre*Fam n/s a n/s a n/s 
Genre*Song 
Sel 
n/s a V=.24, F=2.23, p=.046, ηp2 = .12* V=.25, F=2.62,,p=.020, ηp2 = .13b * 
Genre*Emo 
Typ 
V=.46, F=1.54, p=.09, ηp2 = .23 a  V=.33, F=3.26, p=.006, ηp2 = .17 b** V=.46, F=5.39,,p<.001, ηp2 = .23 b *** 
Fam*SongSel n/s a n/s n/s 
Fam*EmoTyp V=.65, F=2.51, p=.002, ηp2 = .32 a ** V=.39, F=3.98, p=.001, ηp2 = .20** V=.50, F=6.14,p<.001, ηp2 = .25*** 
SongSel*Emo
Typ 
n/s n/s n/s 
3-way Interaction effects 
Genre*Fam* 
SongSel 
n/s a n/s V=.17, F=1.67, p=.07, ηp2 = .06 a  
Gen*Fam* 
EmoTyp 
n/s a n/s n/s 
Gen*SongSel*
EmoTyp 
n/s a n/s n/s 
Fam*SongSel
*EmoTyp 
V=.49, F=1.70, p=.054, ηp2 = .25 a  V=.27, F=2.52, p=.026, ηp2 = .13b* V=.25, F=2.59,,p=.022, ηp2 = .12 b * 
4-way Interaction effects 
Gen*Fam* 
SongSel* 
EmoTyp 
n/s a n/s n/s 
Notes. a Assumption of sphericity violated, Greenhouse-Geisser correction applied 
b Assumption of sphericity violated, Greenhouse-Geisser epsilon >.75, therefore Huynh-Feldt correction applied 
n/s - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
 
Gen = Genre; Fam = Familiarity; SongSel = Song selector; EmoTyp = Emotion Type 
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Table 6.2 
 
Estimated marginal means for each GEMS-9 emotion at each level of genre preference, showing 
significant differences 
 
 Wond Tran Power Tender Nostalgia Peace Joy Sad Tens 
Pref 3.02* 2.77* 3.26 2.69* 3.15* 2.51 2.84 2.11* 1.75 
Mod pr 2.56* 2.41* 3.19 2.22* 2.76 2.25 2.65 1.90 1.88 
Dislike 2.20* 1.90* 3.14 2.06* 2.45* 1.96 2.63 1.75* 2.13 
Note. * indicates a significant difference as evidenced by Sidak pairwise comparisons. Italics demonstrate 
means that were significantly stronger emotional responses. 
Wond = Wonder; Tran = Transcendence; Joy = Joyful Activation; Sad = Sadness; Tens = Tension 
Pref = Preferred genres; Mod pr = Moderately preferred genre; Dislike = Disliked genres 
 
 
There was a marginally significant interaction effect of GENRE*EMOTIONTYPE, V=0.46, 
F(18,94)=1.54,p=.09, ηp2 = .23, power=.88. This interaction effect was examined using Sidak pairwise 
comparisons, comparing emotion ratings across levels of genre preference for each GEMS-9 emotion, 
firstly for felt responses and then for perceived responses, using Sidak pairwise comparisons (see Table 
6.3).  For felt emotional responses to songs, preferred genres elicited significantly stronger feelings 
compared to disliked genres for all emotions except sadness and tension. For sadness there was no 
difference based on genre preference, and for Tension disliked genres elicited marginally significantly 
stronger feelings of tension compared to preferred genres (see Figure 6.1). In comparison, for 
perceived emotion ratings this pattern was only seen for Transcendence and Sadness. Therefore, the 
main effect of genre above is largely a result of felt emotion ratings, suggesting genre preference is 
only important for felt emotion to music, with increasing preference related to increasing strength of 
feelings for most emotions. However, tense feelings increase as genre preference decreases, 
suggesting tense feelings are not in response to the music but instead an indication of preference for 
genres.  
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Table 6.3 
 
Significance levels for Sidak pairwise comparisons exploring the interaction effect of 
Genre*EmotionType, examining significance levels comparing felt responses to perceived ratings 
across different levels of genre preference for each GEMS-9 emotion 
 
DV Levels of genre preference being 
compared 
Felt Sig. Perceived Sig. 
Wonder Pref vs Mod pref .001** n/s 
Pref vs Disliked <.001*** n/s 
Mod pref vs Disliked .008** n/s 
Transcendence Pref vs Mod pref n/s n/s 
Pref vs Disliked .004** .004** 
Mod pref vs Disliked .002** n/s 
Power Pref vs Mod pref n/s n/s 
Pref vs Disliked .068 n/s 
Mod pref vs Disliked n/s n/s 
Tenderness Pref vs Mod pref .035* .070 
Pref vs Disliked .007** .098 
Mod pref vs Disliked n/s n/s 
Nostalgia Pref vs Mod pref .058 n/s 
Pref vs Disliked .009** .071 
Mod pref vs Disliked n/s n/s 
Peacefulness Pref vs Mod pref n/s n/s 
Pref vs Disliked .003** n/s 
Mod pref vs Disliked .070 n/s 
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Joyful Activation Pref vs Mod pref n/s n/s 
Pref vs Disliked .006** n/s 
Mod pref vs Disliked .042* n/s 
Sadness Pref vs Mod pref n/s n/s 
Pref vs Disliked n/s .023* 
Mod pref vs Disliked n/s n/s 
Tension Pref vs Mod pref n/s n/s 
Pref vs Disliked .080 n/s 
Mod pref vs Disliked n/s n/s 
Notes. n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Pref = preferred genre; Mod pref = Moderately preferred genre; Disliked = Disliked genre 
 
 
6.4.3.1.2 Aim 2 Analyses – Song Familiarity  
What influence does song familiarity have on emotional response to music?  
There was a significant main effect of FAMILIARITY, V=0.89, F(18,94)=4.15,p<.001, ηp2 = .44, power=1.00. 
Familiar songs elicited significantly stronger ratings compared to unfamiliar songs for all emotions 
except sadness and tension (min p<.001, max p=.026; See Table 6.4). For tension, unfamiliar songs 
(M=2.06) elicited significantly stronger ratings compared to familiar songs (M=1.81, p=.003). 
Comparatively, moderately familiar songs elicited stronger ratings compared to unfamiliar songs for 
Wonder, Transcendence, Tenderness, Nostalgia, Peacefulness and Joy (p=.018; p=.003; p=.002; 
p<.001; p=.034; p=.030 respectively), but no significant differences for Power, Sadness and Tension. 
However, familiar songs elicited significantly stronger ratings compared to moderately familiar songs 
only for Power (p=.013) and marginally significantly stronger ratings for Joy (p=.06). However, 
moderately familiar songs elicited marginally significantly stronger ratings of sadness compared to 
familiar songs (p=.09). Therefore, as song familiarity increases, so do strength of all emotions, except 
tension, which displays the opposite direction. However, to elicit strong sadness, moderately familiar 
songs are preferable. The difference between familiar and moderately familiar songs in terms of 
strength of emotion is less important, unless feelings of power and joy are desired.  
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Table 6.4 
 
Estimated marginal means for each GEMS-9 emotion at each level of song familiarity, showing 
significant differences for the main effect of Familiarity 
 
 Wond Tran Power Tender Nostalgia Peace Joy Sad Tens 
Fam 2.94* 2.49* 3.49* 2.51* 3.09* 2.33* 3.04* 1.87 1.81* 
ModFam 2.54* 2.53* 3.17* 2.43* 2.95* 2.34* 2.70* 2.05 1.89 
UnFam 2.29* 2.06* 2.93* 2.02* 2.32* 2.04* 2.37* 1.85 2.06* 
Note. * indicates a significant difference as evidenced by Sidak pairwise comparisons. Italics demonstrate 
means that were significantly stronger emotional responses. 
Wond = Wonder; Tran = Transcendence; Joy = Joyful Activation; Sad = Sadness; Tens = Tension 
Fam = Familiar songs; ModFam = Moderately familiar songs; UnFam = Unfamiliar songs 
 
There was a significant interaction effect of EMOTIONTYPE*FAMILIARITY, V=0.65, F(18,94)=2.51,p=.002, 
ηp2 = .32, power=.99. This interaction effect was examined using Sidak pairwise comparisons, 
comparing ratings across levels of FAMILIARITY for each GEMS-9 emotion, firstly for felt responses and 
then for perceived emotion ratings (See table 6.5).  For felt songs, familiar songs and moderately 
familiar songs elicited significantly stronger feelings compared to unfamiliar songs for all emotions 
except sadness and tension. For sadness there is no difference based on song familiarity, and for 
Tension unfamiliar songs elicit significantly stronger feelings of tension compared to familiar songs. In 
comparison for perceived emotion ratings, the only significant difference was for Nostalgia, where 
moderately familiar songs elicited stronger ratings compared to unfamiliar songs (see Figure 6.2). 
Therefore, the main effect of familiarity above is largely a result of felt emotion ratings, suggesting 
song familiarity is only important for felt emotion to music, with any amount of familiarity related to 
strong feelings for most emotions. However, tense feelings increase as song familiarity decreases for 
both felt and perceived ratings, suggesting tense feelings are not in response to the music but instead 
an indication of unfamiliarity.  
 
There was no significant interaction effects of GENRE*FAMILIARITY (V=0.38, F(36,412)=1.21,p=.20, ηp2 = 
.10, power=.97). 
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Table 6.5 
 
Significance levels for Sidak pairwise comparisons exploring the interaction effect of 
Familiarity*EmotionType, examining significance levels comparing felt responses to perceived 
ratings across different levels of song familiarity for each GEMS-9 emotion 
 
DV Levels of song familiarity being 
compared 
Felt Sig Perceived Sig 
Wonder Fam vs Mod fam n/s n/s 
Fam vs Unfamiliar <.001*** n/s 
Mod fam vs Unfamiliar .021* n/s 
Transcendence Fam vs Mod fam n/s n/s 
Fam vs Unfamiliar <.001*** .076 
Mod fam vs Unfamiliar .025* n/s 
Power Fam vs Mod fam .005** n/s 
Fam vs Unfamiliar <.001*** n/s 
Mod fam vs Unfamiliar .006** n/s 
Tenderness Fam vs Mod fam n/s n/s 
Fam vs Unfamiliar <.001*** .070 
Mod fam vs Unfamiliar <.001*** n/s 
Nostalgia Fam vs Mod fam n/s n/s 
Fam vs Unfamiliar <.001*** n/s 
Mod fam vs Unfamiliar <.001*** .039* 
Peacefulness Fam vs Mod fam n/s n/s 
Fam vs Unfamiliar .002** n/s 
Mod fam vs Unfamiliar .005** n/s 
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Joyful Activation Fam vs Mod fam .024* n/s 
Fam vs Unfamiliar <.001*** .074 
Mod fam vs Unfamiliar .007** n/s 
Sadness Fam vs Mod fam n/s n/s 
Fam vs Unfamiliar n/s n/s 
Mod fam vs Unfamiliar n/s n/s 
Tension Fam vs Mod fam n/s n/s 
Fam vs Unfamiliar .017* .095 
Mod fam vs Unfamiliar n/s n/s 
Notes. n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Fam= Familiar song; Mod fam = Moderately familiar songs; Unfamiliar = Unfamiliar song 
 
 
6.4.3.1.3 Aim 3 Analyses – Song Selector  
Can a third party be as effective at choosing emotive music as a self-selector? 
 
There was a significant main effect of SONGSELECTOR, V=0.63, F(9,19)=3.60,p=.009, ηp2 = .63, 
power=.93. OWN songs elicited significantly stronger emotions compared to RES songs for 
Transcendence, Power, Joy. RES songs elicited marginally significantly stronger ratings of sadness and 
tension compared to OWN songs (Table 6.6).  
 
There were no significant interaction effects for SONGSELECTOR*GENRE (V=0.43, F(18,94)=1.43,p=.14, 
ηp2 = .22, power=.85), for SONGSELECTOR*FAMILIARITY (V=0.32, F(18,94)=0.99,p=.48, ηp2 = .16, 
power=.65) and for SONGSELECTOR*EMOTIONTYPE (V=0.37, F(9,19)=1.21,p=.34, ηp2 = .37, power=.42) 
There was no significant interaction effect of GENRE*FAMILIARITY*SONGSELECTOR (V=0.32, 
F(36,412)=0.98, p=.51, ηp2 = .08, power=.91), 
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Table 6.6 
 
Estimated marginal means and significance levels for Sidak pairwise 
comparisons exploring the main effect of SongSelector 
 
DV Own (M)_ Res (M) Sig. 
Wonder 2.62 2.57 n/s 
Transcendence 2.50 2.22 .008** 
Power 3.30 3.10 .030* 
Tenderness 2.34 2.30 n/s 
Nostalgia 2.90 2.67 n/s 
Peace 2.30 2.18 n/s 
Joy 2.91 2.50 .001** 
Sad 1.85 1.99 .066 
Tension 1.86 1.98 .076 
Notes. Own = songs selected by participant; Res = songs selected by researcher 
n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
 
 
6.4.3.1.4 Aim 4 Analyses – Felt versus Perceived Emotion  
What are the differences between felt emotion in response to the music and emotion perceived in 
the music? 
 
There was a significant main effect of EMOTIONTYPE, V=0.83, F(9,19)=10.64,p<.001, ηp2 = .83, 
power=1.00. Sidak pairwise comparisons showed perceived emotion ratings were significantly higher 
compared to felt emotion ratings for all GEMS emotions, except for Peacefulness which showed no 
significant difference between felt and perceived ratings (Table 6.7). 
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Table 6.7 
 
Estimated marginal means (M) and significance levels for Sidak pairwise 
comparisons exploring the main effect of EmotionType, comparing felt 
emotional responses to perceived emotional responses for each emotion 
category of the GEMS-9 
 
DV Felt (M)_ Perceived (M) Sig. 
Wonder 2.41 2.77 .020* 
Transcendence 2.15 2.57 .004** 
Power 2.86 3.53 <.001*** 
Tenderness 2.06 2.58 <.001*** 
Nostalgia 2.61 2.95 .006** 
Peace 2.28 2.20 n/s 
Joy 2.55 2.85 .017* 
Sad 1.65 2.20 <.001*** 
Tension 1.80 2.04 .003** 
Notes. Felt=felt emotional responses; Perceived = perceived emotions in music 
n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
 
 
As previously discussed under heading 6.4.3.1.1, there was a marginally significant interaction effect 
of GENRE*EMOTIONTYPE, V=0.46, F(18,94)=1.54,p=.09, ηp2 = .23, power=.88. This was examined in a 
different way compared to above presentation in 6.4.3.1.1., which examined emotion ratings across 
levels of genre preference for each GEMS-9 emotion, firstly for felt and then for perceived emotions. 
Here, felt versus perceived ratings for each level of genre preference were compared using Sidak 
pairwise comparisons, for each GEMS-9 emotion. Sidak pairwise comparisons (see Table 6.8) 
comparing felt and perceived emotion ratings for each emotion at each level of genre preference 
showed perceived ratings are generally significantly higher than felt emotion ratings, except for 
Peacefulness, where preferred genres elicit stronger feelings of peace than perceived peacefulness in 
music. At which level of genre preference these differences between felt and perceived are found 
differs for each feeling, with differences most likely to occur for moderately preferred genres 
compared to disliked genres, with preferred genres less likely to elicit differences in felt and perceived 
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ratings. Further, perceived emotions of power, tenderness and sadness were significantly higher than 
felt ratings of these emotions, irrespective of level of genre preference. 
 
Table 6.8 
 
Estimated marginal means (M) and significance levels for Sidak pairwise comparisons 
exploring the interaction effect of Genre*EmotionType, comparing felt emotional responses 
(Felt) to perceived emotional responses (Perceived), for each level of genre preference 
 
DV Genre preference 
 
Felt (M) Perceived (M) Sig 
Wonder Preferred 3.02 3.01 n/s 
Mod preferred 2.37 2.75 .016* 
Disliked 1.85 2.54 .056 
Transcendence Preferred 2.69 2.85 n/s 
Mod preferred 2.18 2.64 .012* 
Disliked 1.58 2.21 <.001*** 
Power Preferred 3.10 3.42 .006** 
Mod preferred 2.89 3.48 <.001*** 
Disliked 2.58 3.70 <.001*** 
Tenderness Preferred 2.45 2.93 <.001*** 
Mod preferred 1.98 2.45 .001** 
Disliked 1.76 2.35 <.001*** 
Nostalgia Preferred 3.08 3.21 n/s 
Mod preferred 2.52 2.99 n/s 
Disliked 2.23 2.66 .006** 
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Peacefulness Preferred 2.63 2.39 .029* 
Mod preferred 2.32 2.17 n/s 
Disliked 1.89 2.04 n/s 
Joy Preferred 2.84 2.83 n/s 
Mod preferred 2.61 2.68 n/s 
Disliked 2.21 3.04 .003** 
Sadness Preferred 1.77 2.45 <.001*** 
Mod preferred 1.64 2.16 <.001*** 
Disliked 1.52 1.98 <.001*** 
Tension Preferred 1.58 1.92 .011* 
Mod preferred 1.72 2.04 .005** 
Disliked 2.10 2.17 n/s 
Notes. n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Preferred = preferred genre; Mod preferred = Moderately preferred genre; Disliked = Disliked genre 
 
 
As discussed previously under heading 6.4.3.1.2, there was a significant interaction effect of 
EMOTIONTYPE*FAMILIARITY, V=0.65, F(18,94)=2.51,p=.002, ηp2 = .32, power=.99. This was examined in a 
different way compared to above presentation in 6.4.3.1.2., which compared ratings across levels of 
song familiarity, firstly for felt responses and then for perceived responses. Here, felt emotion ratings 
were compared to perceived emotion ratings for each GEMS-9 emotion, at each level of song 
familiarity, using Sidak pairwise comparisons (see Table 6.9). Results showed perceived ratings were 
generally significantly higher than felt emotion ratings, except for Peacefulness, where familiar songs 
elicit stronger feelings of peace than perceived peace in music. At which level of song familiarity these 
differences between felt and perceived are found differs for each feeling, with differences most likely 
to occur for unfamiliar songs. Further, perceived emotions of power, tenderness, sadness and tension 
were significantly higher than felt ratings of these emotions, irrespective of song familiarity. 
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Table 6.9 
 
Estimated marginal means (M) and significance levels for Sidak pairwise comparisons exploring 
the interaction effect of Familiarity*EmotionType, comparing felt emotional responses (Felt) to 
perceived emotional responses (Perceived), for each level of song familiarity 
 
DV Song familiarity 
 
Felt (M) Perceived (M) Sig 
Wonder Familiar 2.67 3.21 n/s 
Mod familiar 2.45 2.64 n/s 
Unfamiliar 2.13 2.45 .015* 
Transcendence Familiar 2.29 2.68 .005** 
Mod familiar 2.45 2.61 n/s 
Unfamiliar 1.71 2.42 <.001*** 
Power Familiar 3.29 3.69 .006** 
Mod familiar 2.87 3.47 <.001*** 
Unfamiliar 2.41 3.44 <.001*** 
Tenderness Familiar 2.30 2.57 <.001*** 
Mod familiar 2.30 2.57 .014* 
Unfamiliar 1.60 2.45 <.001*** 
Nostalgia Familiar 2.97 3.20 n/s 
Mod familiar 2.89 3.01 n/s 
Unfamiliar 1.98 2.65 <.001*** 
Peacefulness Familiar 2.48 2.19 .020* 
Mod familiar 2.41 2.27 n/s 
Unfamiliar 1.95 2.14 n/s 
79 
 
Joyful Activation Familiar 3.01 3.08 n/s 
Mod familiar 2.59 2.80 n/s 
Unfamiliar 2.07 2.67 <.001*** 
Sadness Familiar 1.65 2.09 <.001*** 
Mod familiar 1.76 2.33 <.001*** 
Unfamiliar 1.52 2.17 <.001*** 
Tension Familiar 1.68 1.95 .013* 
Mod familiar 1.76 2.03 .004** 
Unfamiliar 1.96 2.16 .090 
Notes. n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Familiar = Familiar song; Mod familiar = Moderately familiar song; Unfamiliar = Unfamiliar song 
 
 
Only one 3-way interaction effect was significant. There was a marginally significant interaction effect 
of FAMILIARITY*SONGSELECTOR*EMOTIONTYPE, V=0.49, F(18,94)=1.70,p=.054, ηp2 = .25, power=.92. This 
was examined using Sidak pairwise comparisons as post-hoc tests (Table 6.10, 6.11 and 6.12). Several 
overall patterns were seen. Firstly, OWN songs showed familiar songs evoked stronger felt emotion 
ratings compared to unfamiliar songs for all emotions except sadness and tension (See Table 6.10). 
Tension elicited marginally stronger felt emotion ratings for unfamiliar, OWN songs compared to 
familiar songs. However, this pattern was not seen for perceived ratings of OWN songs, therefore 
effects showing the more familiar the song, the stronger the emotion ratings for participant selected 
songs only applies to felt emotional response. Familiarity does not influence emotions conveyed by 
the music. A similar pattern was also seen for RES, felt songs, excluding wonder, sadness and tension. 
No pattern emerged for perceived songs for RES or OWN songs.  
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Table 6.10 
 
Significance levels for Sidak pairwise comparisons exploring the 3-way interaction effect of 
Familiarity*SongSelector*EmotionType, examining differences between levels of familiarity for each song 
selector, for felt and then perceived ratings 
 
 EmotionType Song 
Selector 
Fam v 
ModFam; Sig 
Fam v 
UnFam; Sig 
ModFam v 
UnFam; Sig 
Wonder Felt Own n/s .003** n/s 
Res n/s n/s n/s 
Perceived Own n/s n/s n/s 
Res n/s .091 n/s 
Transcendence Felt Own n/s .029* n/s 
Res n/s .001** <.001*** 
Perceived Own n/s n/s n/s 
Res n/s .090 n/s 
Power Felt Own .001** <.001*** .057 
Res n/s .001** .039* 
Perceived Own n/s n/s n/s 
Res .024* n/s n/s 
Tenderness Felt Own n/s .003** .037* 
Res n/s <.001*** <.001*** 
Perceived Own n/s n/s n/s 
Res n/s .011* n/s 
Nostalgia Felt Own n/s .002** .011* 
Res n/s <.001*** .001** 
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Perceived Own n/s n/s n/s 
Res n/s .009** .019* 
Peaceful Felt Own n/s .008** .005** 
Res n/s .046* n/s 
Perceived Own n/s n/s n/s 
Res n/s n/s n/s 
Joyful Activation Felt Own .006** <.001*** .024* 
Res n/s <.001*** .070 
Perceived Own n/s .039* n/s 
Res n/s n/s n/s 
Sad Felt Own n/s n/s n/s 
Res n/s n/s .051 
Perceived Own n/s n/s n/s 
Res n/s n/s .066 
Tension Felt Own n/s .059 .036* 
Res n/s n/s n/s 
Perceived Own n/s n/s n/s 
Res n/s n/s n/s 
Notes. n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Fam = Familiar songs; ModFam = Moderately familiar songs; UnFam = Unfamiliar songs 
Own = participant selected song; Res = Researcher selected song 
Felt (M) = Mean rating of felt emotional response; Perceived (M) = Mean rating of perceived emotion;  
 
Secondly, OWN songs elicited stronger felt ratings for familiar songs compared to RES songs, 
significantly stronger for wonder, power and joy (see Table 6.11). In contrast, RES ratings were 
marginally significantly stronger compared to OWN ratings for felt feelings of Tension for moderately 
familiar songs and felt feelings of sadness for familiar songs. No similar patterns were seen for 
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perceived songs. Therefore, who selects the music is important for songs that are familiar to evoke 
the strongest emotional responses, with the participant selecting music if strong positive emotions 
are desired, but a third party should select the music if strong negative emotions are desired. For 
emotions conveyed by music the song selector is not important. 
 
Table 6.11 
 
Significance levels for Sidak pairwise comparisons exploring the 3-way interaction effect of 
Familiarity*SongSelector*EmotionType, examining differences between song selector for each level of 
song familiarity, for felt and then perceived ratings 
 
  Felt Perceived 
DV Level of Song 
Familiarity 
Own (M) Res 
(M) 
Sig. Own 
(M) 
Res 
(M) 
Sig. 
Wonder Fam 2.89 2.44 .029* 2.74 3.69 n/s 
ModFam 2.55 2.35 n/s 2.67 2.61 n/s 
UnFam 2.16 2.10 n/s 2.69 2.21 .016* 
Transcendence Fam 2.37 2.21 n/s 2.68 2.68 n/s 
ModFam 2.74 2.17 n/s 2.74 2.47 n/s 
UnFam 1.91 1.51 .013* 2.56 2.27 .076 
Power Fam 3.60 2.99 <.001*** 3.63 3.75 n/s 
ModFam 2.95 2.79 n/s 3.66 3.29 .007** 
UnFam 2.51 2.31 n/s 3.42 3.46 n/s 
Tenderness Fam 2.35 2.25 n/s 2.66 2.79 n/s 
ModFam 2.20 2.39 n/s 2.48 2.66 n/s 
UnFam 1.76 1.43 .007** 2.58 2.31 .080 
Nostalgia Fam 2.98 2.96 n/s 3.48 2.93 n/s 
83 
 
ModFam 2.98 2.80 n/s 3.05 2.98 n/s 
UnFam 2.05 1.92 n/s 2.88 2.42 .028* 
Peacefulness Fam 2.62 2.33 n/s 2.18 2.19 n/s 
ModFam 2.51 2.31 n/s 2.25 2.29 n/s 
UnFam 1.99 1.92 n/s 2.27 2.01 .088 
Joyful Activation Fam 3.32 2.69 .002** 3.29 2.87 .042* 
ModFam 2.75 2.43 .078 3.08 2.52 .066 
UnFam 2.18 1.95 n/s 2.81 2.54 n/s 
Sadness Fam 1.51 1.79 .087 2.01 2.17 n/s 
ModFam 1.69 1.83 n/s 2.17 2.50 .039* 
UnFam 1.54 1.51 n/s 2.19 2.14 n/s 
Tension Fam 1.67 1.69 n/s 1.92 1.98 n/s 
ModFam 1.66 1.86 .054 1.93 2.13 n/s 
UnFam 1.96 1.96 n/s 2.04 2.27 n/s 
Notes. n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Fam = Familiar songs; ModFam = Moderately familiar songs; UnFam = Unfamiliar songs  
Own = participant selected song; Res = Researcher selected song 
Felt (M) = Mean rating of felt emotional response; Perceived (M) = Mean rating of perceived emotion;  
 
 
 
Thirdly, examining differences between felt and perceived ratings (see Table 6.12) showed for OWN, 
unfamiliar songs, perceived ratings were significantly greater than felt ratings for wonder, 
transcendence, tenderness, nostalgia, peacefulness, joy and sadness, but not for tension and power. 
This pattern was seen for RES songs for transcendence, tenderness, nostalgia, joy, sadness and tension. 
Further, for RES familiar songs, perceived ratings were significantly stronger compared to felt ratings 
for wonder, transcendence, tenderness, sadness and tension. In summary, emotions perceived in the 
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music are rated more strongly than emotions evoked by music, particularly for unfamiliar songs and 
for very familiar songs selected by a third party.  
 
Table 6.12 
 
Estimated marginal means (M) and significance levels for Sidak pairwise comparisons exploring the 
3-way interaction effect of Familiarity*SongSelector*EmotionType, examining differences between 
felt versus perceived emotion ratings for each level of song familiarity, for participant selected then 
researcher selected songs 
 
  Own Res 
DV Level of 
Song 
Familiarity 
Felt  
(M) 
Perceived 
(M) 
Sig. Felt 
(M) 
Perceived 
(M) 
Sig. 
Wonder Fam 2.89 2.74 n/s 2.44 3.69 .056 
ModFam 2.55 2.67 n/s 2.35 2.61 n/s 
UnFam 2.16 2.69 .006** 2.10 2.21 n/s 
Transcendence Fam 2.37 2.68 .075 2.21 2.68 .005** 
ModFam 2.74 2.74 n/s 2.17 2.47 .040* 
UnFam 1.91 2.56 <.001*** 1.51 2.27 <.001*** 
Power Fam 3.60 3.63 n/s 2.99 3.75 n/s 
ModFam 2.95 3.66 n/s 2.79 3.29 n/s 
UnFam 2.51 3.42 n/s 2.31 3.46 n/s 
Tenderness Fam 2.35 2.66 n/s 2.25 2.79 <.001*** 
ModFam 2.20 2.48 <.001*** 2.39 2.66 .002** 
UnFam 1.76 2.58 <.001*** 1.43 2.31 <.001*** 
Nostalgia Fam 2.98 3.48 n/s 2.96 2.93 n/s 
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ModFam 2.98 3.05 n/s 2.80 2.98 n/s 
UnFam 2.05 2.88 <.001*** 1.92 2.42 .020* 
Peacefulness Fam 2.62 2.18 .019* 2.33 2.19 n/s 
ModFam 2.51 2.25 n/s 2.31 2.29 n/s 
UnFam 1.99 2.27 .071 1.92 2.01 n/s 
Joyful 
Activation 
Fam 3.32 3.29 n/s 2.69 2.87 n/s 
ModFam 2.75 3.08 n/s 2.43 2.52 n/s 
UnFam 2.18 2.81 <.001*** 1.95 2.54 <.001*** 
Sadness Fam 1.51 2.01 <.001*** 1.79 2.17 .003** 
ModFam 1.69 2.17 <.001*** 1.83 2.50 <.001*** 
UnFam 1.54 2.19 <.001*** 1.51 2.14 <.001*** 
Tension Fam 1.67 1.92 .052 1.69 1.98 .053 
ModFam 1.66 1.93 .020* 1.86 2.13 .032* 
UnFam 1.96 2.04 n/s 1.96 2.27 .043* 
Notes. n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Fam = Familiar songs; ModFam = Moderately familiar songs; UnFam = Unfamiliar songs 
Own = participant selected song; Res = Researcher selected song 
Felt (M) = Mean rating of felt emotional response; Perceived (M) = Mean rating of perceived emotion;  
 
There were no significant interaction effects of of GENRE*SONGSELECTOR*EMOTIONTYPE, (V=0.23, 
F(18,94)=0.69,p=.82, ηp2 = .12, power=.46) and of GENRE*FAMILIARITY*EMOTIONTYPE (V=0.34, 
F(36,412)=1.05,p=.40, ηp2 = .08, power=.93). 
 
There was no significant 4-way interaction effect of GENRE*FAMILIARITY* SONGSELECTOR*EMOTIONTYPE, 
V=0.32, F(36,412)=1.01,p=.46, ηp2 = .08, power=.92.  
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6.4.3.2 SAM 3-D  
A 2x2x3x3 within-subjects MANOVA was run, with the three SAM emotion dimensions as DVs to 
examine effects of the factors on the SAM dimensions and the relationship between the three SAM 
dimensions. There were four factors: SONGSELECTOR (OWN; RES); EMOTIONTYPE (FELT; PERCEIVED); GENRE 
(Preferred genre; moderately preferred genre; Disliked genre); FAMILIARITY (Familiar songs; Moderately 
familiar song; Unfamiliar song). All assumptions of the test were met, however due to the small sample 
size Pillai’s trace is reported. Sidak pairwise comparisons were run as post-hoc tests to examine 
significant main effects and interaction effects. Only significant main effects and interactions are 
reported. Sidak Pairwise comparisons adjust for multiple comparisons in the way they are computed.  
 
6.4.3.2.1 Aim 1 Analyses – Genre Preference  
What influence does genre preferences have on emotional response to music? 
There was a significant main effect of GENRE, V=0.26, F(6,98)=2.41,p=.033, ηp2 = .13, power=.80. Sidak 
pairwise comparisons showed the only significant difference was preferred genres (M=3.87) eliciting 
significantly more pleasure compared to disliked genres (M=4.47, p=.026; see Table 6.13). 
 
Table 6.13 
 
Estimated marginal means and significance levels for Sidak pairwise comparisons exploring the 
main effect of Genre, comparing each level of genre preference for each dimension of the SAM 
 
 Pleasure Arousal Dominance 
Preferred  3.87* 4.97 5.84 
Moderately preferred 4.29 4.94 5.74 
Disliked 4.47* 4.23 5.55 
Note. * indicates a significant difference as evidenced by Sidak pairwise comparisons. Italics demonstrate 
means that were significantly stronger emotional responses. 
Preferred = Preferred genre; Moderately preferred = Moderately preferred genre; Disliked = Disliked genre 
 
 
87 
 
There was a marginally significant interaction effect of GENRE*SONGSELECTOR, V=0.24, 
F(6.98)=2.23,p=.046, ηp2 = .12, power=.76. (see Figure 6.3). Table 6.14 shows Sidak pairwise 
comparisons comparing levels of genre preference for OWN and then RES songs.  For OWN songs, only 
preferred genres (M=3.40) elicited significantly stronger pleasure compared to disliked genres 
(M=4.38, p=.005). For RES songs, only preferred genres (M=4.74) elicited marginally significantly 
stronger arousal compared to disliked genres (M=4.32, p=.058). 
 
Table 6.14 
 
Significance levels for Sidak pairwise comparisons exploring the interaction effect of 
Genre*SongSelector, comparing levels of genre preference for each dimension of the SAM, for 
participant selected and then researcher selected songs 
 
DV Levels of genre preference being 
compared 
 
Own Sig. Res Sig. 
SAM Pleasure Preferred vs Moderately preferred n/s n/s 
Preferred vs Disliked .005** n/s 
Moderately preferred vs Disliked n/s n/s 
SAM Arousal Preferred vs Moderately preferred n/s n/s 
Preferred vs Disliked n/s .058 
Moderately preferred vs Disliked n/s n/s 
SAM Dominance Preferred vs Moderately preferred n/s n/s 
Preferred vs Disliked n/s n/s 
Moderately preferred vs Disliked n/s n/s 
Notes. n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Preferred = Preferred genre; Moderately preferred = Moderately preferred genre; Disliked = Disliked genre 
Own = participant selected song; Res = Researcher selected song 
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There was a significant interaction effect of GENRE*EMOTIONTYPE, V=0.33, F(6.98)=3.26,p=.006, ηp2 = 
.17, power=.92 (see Figure 6.4). Table 6.15 shows Sidak pairwise comparisons comparing each level of 
genre preference, first for felt and then for perceived emotion ratings for each SAM dimension.  For 
felt emotion ratings, preferred genres (M=3.43) elicited significantly stronger pleasure compared to 
moderately preferred (M=4.11, p=.020) and disliked (M=4.69, p<.001) genres. Preferred genres 
(M=6.08) elicited significantly stronger dominance ratings compared to disliked genres (M=5.00, 
p=.002). Moderately preferred genres (M=5.68) elicited marginally significantly stronger dominance 
ratings compared to disliked genres (p=.09). There were no differences between levels of genre 
preference for felt arousal ratings and there were no significant differences for any perceived ratings 
when comparing levels of genre preference.  
 
Table 6.15 
 
Significance levels for Sidak pairwise comparisons exploring the interaction effect of 
Genre*EmotionType, comparing levels of genre preference for each SAM dimension, first for felt 
emotion ratings and then for perceived emotion ratings 
 
DV Levels of genre preference being 
compared 
 
Felt 
Sig. 
Perceived 
Sig. 
SAM Pleasure Preferred vs Moderately preferred .020* n/s 
Preferred vs Disliked <.001*** n/s 
Moderately preferred vs Disliked n/s n/s 
SAM Arousal Preferred vs Moderately preferred n/s n/s 
Preferred vs Disliked n/s n/s 
Moderately preferred vs Disliked n/s n/s 
SAM Dominance Preferred vs Moderately preferred n/s n/s 
Preferred vs Disliked .002** n/s 
Moderately preferred vs Disliked .092 n/s 
Notes. n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Preferred = Preferred genre; Moderately preferred = Moderately preferred genre; Disliked = Disliked genre 
Felt = Felt emotion ratings; Perceived = Perceived emotion ratings 
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6.4.3.2.2 Aim 2 Analyses – Song Familiarity  
What influence does song familiarity have on emotional response to music?  
There was a significant main effect of FAMILIARITY, V=0.55, F(6,98)=6.24,p<.001, ηp2 = .28, power=.99. 
Familiar songs elicited significantly stronger pleasure and dominance ratings compared to unfamiliar 
songs (see Table 6.16). Familiar songs also elicited marginally significantly more pleasure (M=3.70), 
arousal (M=4.47) and dominant (M=6.18) feelings compared to moderately familiar songs (SAMP: 
M=4.15, p=.070; SAMA: M=4.96, p=.050; SAMD: M=5.61, p=.052). Very familiar songs also elicited 
significantly stronger pleasure and dominance feelings compared to unfamiliar songs (SAMP: M=4.78, 
p<.001; SAMD: M=5.35, p<.001). Results demonstrated that as song familiarity increases, dimensional 
emotion ratings get stronger. This pattern is particularly prominent for pleasure ratings, with 
moderately familiar songs also eliciting significantly stronger pleasure ratings compared to unfamiliar 
songs (M=4.78, p=.004).  
 
Table 6.16 
 
Estimated marginal means and significance levels for Sidak pairwise comparisons exploring the 
main effect of Familiarity, comparing each level of song familiarity for each dimension of the SAM 
 
 Pleasure Arousal Dominance 
Familiar 3.70* 4.47 6.18* 
Moderately familiar 4.15*  4.96 5.61 
Unfamliar 4.78* 4.71 5.35* 
Note. * indicates a significant difference as evidenced by Sidak pairwise comparisons. Italics demonstrate 
means that were significantly stronger emotional responses. 
Familiar = Very familiar songs; Moderately familiar = Moderately familiar songs; Unfamiliar = Unfamiliar 
songs 
 
 
 
There was a significant interaction effect of EMOTIONTYPE*FAMILIARITY, V=0.39, F(6.98)=3.98,p=.001, ηp2 
= .20, power=.96 (see Figure 6.5). Table 6.17 shows Sidak pairwise comparisons comparing levels of 
song familiarity for each SAM dimension, first for felt and then for perceived emotion ratings.  For felt 
songs, familiar songs (SAMP: M=3.56; SAMD: M=6.10) and moderately familiar (SAMP: M=3.77; 
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SAMD: M=5.71) songs elicited significantly stronger feelings of pleasure and dominance compared to 
unfamiliar songs (SAMP: M=4.90, p<.001 and p<.001 respectively; SAMD: 4.96, p<.001 and p=.012 
respectively). Familiar songs (SAMA: M=4.60) also elicited stronger feelings of arousal compared to 
moderately familiar songs (SAMA: M=5.10, p=.040). Therefore, familiar songs elicited stronger 
dimensional emotions compared to less familiar music. For perceived songs, familiar songs (M=3.83) 
elicited significantly stronger perceived ratings of pleasure alone compared to moderately familiar 
songs (M=4.53, p=.019) and unfamiliar songs (M=4.67, p=.007). Familiar songs (M=6.26) also elicited 
marginally significantly stronger perceived ratings of dominance compared to moderately familiar 
songs (M= 5.51, p=.070).  
 
Table 6.17 
 
Significance levels for Sidak pairwise comparisons exploring the interaction effect of 
Familiarity*EmotionType, comparing levels of song familiarity for each SAM dimension, first for felt 
emotion ratings and then for perceived emotion ratings 
 
DV Level of song familiarity being compared 
 
Felt 
Sig. 
Perceived 
Sig. 
SAM Pleasure Familiar vs Moderately familiar n/s .019* 
Familiar vs Unfamiliar <.001*** .007** 
Moderately familiar vs Unfamiliar <.001*** n/s 
SAM Arousal Familiar vs Moderately familiar .040* n/s 
Familiar vs Unfamiliar n/s n/s 
Moderately familiar vs Unfamiliar n/s n/s 
SAM Dominance Familiar vs Moderately familiar n/s .070 
Familiar vs Unfamiliar <.001*** n/s 
Moderately familiar vs Unfamiliar .012* n/s 
Notes. n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Familiar = Very familiar songs; Moderately familiar = Moderately familiar songs; Unfamiliar = Unfamiliar 
songs 
Felt = Felt emotion ratings; Perceived = Perceived emotion ratings 
 
There was no significant interaction effect of GENRE*FAMILIARITY (V=0.07, F(12,300)=0.59,p=.85, ηp2 = 
.02, power=.34).     
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6.4.3.2.3 Aim 3 Analyses – Song Selector  
Can a third party be as effective at choosing emotive music as a self-selector? 
There was a significant main effect of SONGSELECTOR, V=0.30, F(3,23)=3.30,p=.038, ηp2 = .30, 
power=.68. OWN songs (M=3.93) elicited significantly stronger happiness compared to RES songs 
(M=4.48, p=.005) on the Pleasure dimension, and marginally significantly higher dominance ratings 
compared to RES songs (M=5.55, p=.055; see Table 6.18).  
 
Table 6.18 
 
Estimated marginal means (M) and significance levels for Sidak 
pairwise comparisons exploring the main effect of SongSelector, 
comparing participant selected (Own) songs to researcher selected 
(Res) songs for each dimension of the SAM 
 
DV Own (M) Res (M) Sig 
SAM Pleasure 3.93 4.48 .005 
SAM Arousal 4.64 4.78 n/s 
SAM Dominance 5.87 5.55 .055 
 
 
As discussed in section 6.4.3.2.1 there was a marginally significant interaction effect of 
GENRE*SONGSELECTOR, V=0.24, F(6.98)=2.23,p=.046, ηp2 = .12, power=.76. In 6.4.3.2.1 Sidak pairwise 
comparisons showed comparisons between levels of genre preference for OWN and then for RES songs. 
Examined another way here, comparing OWN and RES emotion ratings for each emotion dimension at 
each level of genre preference, showed OWN feelings of pleasure and dominance for preferred (SAMP: 
M=3.40; SAMD: M=6.14) and moderately preferred genres (SAMP: M=4.03; SAMD: M=6.04)  were 
significantly stronger compared to RES ratings (SAMP: M=4.34, p<.001; SAMD: M=5.55, p=.003 for 
preferred genres; SAMP: M=4.56, p=.044; SAMD: M=5.44, p=.022 for moderately preferred genres; 
see Table 6.19), but no difference for disliked genres. Therefore, song selector is important only for 
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genres a listener has a preference for. However, there were no significant differences between OWN 
and RES songs for arousal ratings.  
 
Table 6.19 
 
Estimated marginal means (M) and significance levels for Sidak pairwise comparisons 
exploring the interaction effect of Genre*SongSelector, comparing participant selected and 
researcher selected emotion ratings on each SAM dimension for each level of genre 
preference 
 
DV Level of genre preference 
 
Own (M) Res (M) Sig. 
SAM Pleasure Preferred 3.40 4.34 <.001*** 
Moderately preferred 4.03 4.56 .044* 
Disliked 4.38 4.55 n/s 
SAM Arousal Preferred 4.74 5.19 n/s 
Moderately preferred 4.86 5.03 n/s 
Disliked 4.32 4.14 n/s 
SAM Dominance Preferred 6.14 5.55 .003** 
Moderately preferred 6.04 5.44 .022* 
Disliked 5.45 5.65 n/s 
Notes. n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Preferred = Preferred genre; Moderately preferred = Moderately preferred genre; Disliked = Disliked genre 
Own = participant selected song; Res = Researcher selected song 
 
There was no significant interaction effect of FAMILIARITY*SONGSELECTOR (V=0.14, F(6,98)=1.19,p=.32, 
ηp2 = .07, power=.45).  
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There was no significant 3-way interaction effect of GENRE*FAMILIARITY*SONGSELECTOR (V=0.14, 
F(12,300)=1.19,p=.29, ηp2 = .05, power=.68). 
 
6.4.3.2.4 Aim 4 Analyses – Felt versus Perceived Emotion  
What are the differences between felt emotion in response to the music and emotion perceived in 
the music? 
There was a significant main effect of EMOTIONTYPE, V=0.43, F(3,23)=5.74,p=.004, ηp2 = .43, power=.91. 
Sidak pairwise comparisons showed perceived emotion ratings (M=4.49) were significantly more 
arousing compared to felt emotion ratings (M=4.93, p=.013). Perceived emotion ratings (M=5.84) 
were marginally significantly more dominant compared to felt ratings (M=5.59, p=.061; see Table 
6.20). 
 
Table 6.20 
 
Estimated marginal means (M) and significance levels for Sidak pairwise 
comparisons exploring the main effect of EmotionType, comparing felt 
emotion ratings (Felt) to perceived emotion ratings (Perceived) for each 
dimension of the SAM 
 
DV Felt Perceived Sig. 
SAM Pleasure 4.08 4.34 n/s 
SAM Arousal 4.93 4.49 .013 
SAM Dominance 5.59 5.84 .061 
 
 
 
As discussed above in section 6.4.3.2.1, there was a significant interaction effect of 
GENRE*EMOTIONTYPE, V=0.33, F(6.98)=3.26,p=.006, ηp2 = .17, power=.92. In section 6.4.3.2.1 Sidak 
pairwise comparisons compared SAM dimension ratings across levels of genre preference, first for felt 
emotion ratings, then for perceived emotion ratings. Here, Sidak pairwise comparisons compared felt 
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and perceived emotion ratings for each SAM emotion dimension at each level of genre preference, 
showing a mixed pattern of results (see Table 6.21). Preferred genres elicited significantly stronger felt 
pleasure ratings (M=3.43) compared to pleasure perceived (M=4.31, p<.001) in the music. However, 
for the arousal dimension, moderately preferred perceived ratings (M=4.73) and disliked perceived 
ratings (M=3.94) were significantly stronger compared to felt ratings for moderately preferred 
(M=5.15, p=.045) and disliked genres (M=4.51, p=.021). For feelings of dominance, preferred genres 
elicited stronger felt ratings (M=6.08) compared to perceived ratings (M=5.60, p=.026), whereas for 
disliked genres this pattern was reversed (felt disliked M = 5.00 compared to disliked perceived, 
M=6.10, p=.003). Overall, preferred genres elicited stronger felt emotions compared to perceived 
emotions, whereas perceived emotions were rated more strongly than felt emotions as genre 
preference decreased.  
 
Table 6.21 
 
Estimated marginal means (M) and significance levels for Sidak pairwise comparisons exploring the 
interaction effect of Genre*EmotionType, comparing felt ratings to perceived ratings for each 
dimension of the SAM, at each level of genre preference 
 
DV Level of genre preference 
 
Felt 
(M) 
Perceived 
(M) 
Sig. 
SAM Pleasure Preferred 3.43 4.31 <.001*** 
Moderately preferred 4.11 4.47 n/s 
Disliked 4.69 4.24 n/s 
SAM Arousal Preferred 5.12 4.81 .097 
Moderately preferred 5.15 4.73 .045* 
Disliked 4.51 3.94 .021* 
SAM Dominance Preferred 6.08 5.60 .026* 
Moderately preferred 5.68 5.80 n/s 
Disliked 5.00 6.10 .003** 
Notes. n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Preferred = Preferred genre; Moderately preferred = Moderately preferred genre; Disliked = Disliked genre 
Felt = Felt emotion ratings; Perceived = Perceived emotion ratings 
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As presented in section 6.4.3.2.2, there was a significant interaction effect of EMOTIONTYPE*FAMILIARITY, 
V=0.39, F(6.98)=3.98,p=.001, ηp2 = .20, power=.96. In section 6.4.3.2.2 this interaction effect was 
explored using Sidak pairwise comparisons to compare levels of song familiarity for each dimension 
of the SAM, first for felt emotion ratings then for perceived emotion ratings. Here in this section, Sidak 
pairwise comparisons compared felt emotion ratings to perceived emotion ratings for the SAM 
dimensions at each level of song familiarity, Results showed moderately familiar songs elicit 
significantly more pleasurable felt ratings (M=3.77) compared to perceived ratings (M=4.53, p=.001). 
Conversely, moderately familiar songs and unfamiliar songs elicited significantly less arousing felt 
ratings (SAMA: M=5.10 for moderately familiar songs; SAMA: M=5.09 for unfamiliar songs) compared 
to perceived ratings (SAMA: M=4.81, p=.050 for moderately familiar songs; SAMA: M=4.33, p=.020 for 
unfamiliar songs). However unfamiliar songs elicited significantly lower felt dominance ratings 
(M=4.96) compared to perceived ratings (M=5.74, p<.001; see Table 6.22). Results showed no 
significant differences between felt and perceived emotion ratings for very familiar songs across the 
dimensions of the SAM.  
 
Table 6.22 
 
Estimated marginal means (M) and significance levels for Sidak pairwise comparisons exploring the 
interaction effect of Familiarity*EmotionType, comparing felt and perceived emotion ratings for 
each level of song familiarity, for each SAM dimension 
 
DV Level of song familiarity 
 
Felt 
(M) 
Perceived 
(M) 
Sig. 
SAM Pleasure Familiar 3.56 3.83 n/s 
Moderately familiar 3.77 4.53 .001** 
Unfamiliar 4.90 4.67 n/s 
SAM Arousal Familiar 4.60 4.34 n/s 
Moderately familiar 5.10 4.81 .050* 
Unfamiliar 5.09 4.33 .020* 
SAM Dominance Familiar 6.10 6.26 n/s 
Moderately familiar 5.71 5.51 n/s 
Unfamiliar 4.96 5.74 <.001*** 
Notes. n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
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Familiar = Very familiar songs; Moderately familiar = Moderately familiar songs; Unfamiliar = Unfamiliar 
songs 
Felt = Felt emotion ratings; Perceived = Perceived emotion ratings 
 
There was no significant interaction effect of SONGSELECTOR*EMOTIONTYPE (V=0.13, F(3,23)=1.15,p=.35, 
ηp2 = .13, power=.27).    
 
There was a significant 3-way interaction effect of FAMILIARITY*SONGSELECTOR*EMOTIONTYPE, V=0.27, 
F(6,98)=2.52,p=.026, ηp2 = .13, power=.82. This was examined using Sidak pairwise comparisons as 
post-hoc tests (see Tables 6.23, 6.24 and 6.25). Several overall patterns were seen. Firstly, levels of 
song familiarity were compared, examining OWN felt ratings and then RES felt ratings for each SAM 
dimension, and then comparing levels of song familiarity, examining OWN perceived ratings and then 
RES perceived ratings for each SAM dimension (see Table 6.23). Results showed familiar songs for both 
OWN (SAMP: M=3.03; SAMD: M=6.35) and RES (SAMP: M=4.10; SAMD: M=5.86) evoked stronger 
feelings of pleasure and dominance compared to unfamiliar songs for both OWN (SAMP: M=4.90, 
p<.001; SAMD: M=5.03 p=.001) and RES (SAMP: M=4.90, p=.014; SAMD: M=4.89, p=.001).  Moderately 
familiar OWN songs also elicited significantly stronger felt pleasure (M=3.59) compared to unfamiliar 
OWN songs (M=4.90, p<.001). Moderately familiar RES songs (M=3.95) also elicited significantly 
stronger felt pleasure (M=3.59) compared to unfamiliar RES songs (M=4.90, p=.001). Moderately 
familiar OWN songs also elicited significantly stronger felt dominance (M=6.00) compared to unfamiliar 
OWN songs (M=5.03, p=.011). OWN familiar songs also elicited significantly stronger arousal feelings 
(M=4.23) compared to moderately familiar songs (M= 5.18, p= .006) and marginally significantly 
stronger arousal feelings compared to unfamiliar songs (M=4.99, p=.064). This pattern was not seen 
for perceived ratings. There were no significant differences comparing song familiarity levels for 
perceived emotion ratings to participant selected (OWN) songs for any SAM dimension. Instead, very 
familiar RES songs (M=4.04) showed stronger pleasure perceived in the music compared to moderately 
familiar RES songs (M=4.95, p=.048) and unfamiliar RES songs (M=4.96, p=.037). In addition, 
Moderately familiar RES songs also showed lower perceived arousal ratings (M= 4.95) compared to 
unfamiliar RES songs (M= 4.10, p=.005).  There were no significant differences between levels of song 
familiarity for perceived dominance ratings for researcher selected (RES) songs. 
 
 
100 
 
Table 6.23 
 
Significance levels for Sidak pairwise comparisons exploring the interaction effect of Familiarity 
*SongSelector*EmotionType, showing differences between levels of familiarity for participant 
selected then researcher selected felt ratings, followed by participant selected then researcher 
selected perceived ratings, for each dimension of the SAM 
 
 EmotionType Song Selector Fam v 
ModFam Sig. 
Fam v UnFam 
Sig. 
ModFam v 
UnFam Sig. 
SAM Pleasure 
 
Felt Own n/s <.001*** <.001*** 
Res n/s .014* .001** 
Perceived Own n/s n/s n/s 
Res .048* .037* n/s 
 
SAM Arousal 
Felt Own .006** .064 n/s 
Res n/s n/s n/s 
Perceived Own n/s n/s n/s 
Res n/s n/s .005** 
SAM Dominance Felt Own n/s .001** .011* 
Res n/s .001** n/s 
Perceived Own n/s n/s n/s 
Res n/s n/s n/s 
Notes. n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Fam = Very familiar songs; ModFam = Moderately familiar songs; UnFam = Unfamiliar songs 
Felt = Felt emotion ratings; Perceived = Perceived emotion ratings 
Own = participant selected songs; Res = researcher selected songs 
 
Secondly, the 3-way interaction effect of FAMILIARITY*SONGSELECTOR*EMOTIONTYPE, was examined using 
Sidak pairwise comparisons to compare participant selected songs (OWN) to researcher selected songs 
(RES), for emotion ratings for each SAM dimension at each level of song familiarity separately (Table 
6.24). Familiar OWN songs elicited stronger feelings of pleasure (M=3.03) compared to familiar RES 
songs (M=4.10, p=.001). Familiar OWN songs elicited stronger feelings of arousal (M=4.23) compared 
to familiar RES songs (M=4.96, p=.009). Moderately familiar OWN songs elicited stronger feelings of 
dominance (M=6.00) compared to RES songs (M=5.41, p=.015).  For perceived songs, moderately 
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familiar OWN songs (M=4.10) showed stronger perceived ratings of pleasure compared to RES songs 
(M=4.95, p=.004). Unfamiliar OWN songs (M=4.37) also showed marginally significantly stronger 
perceived ratings of pleasure compared to RES songs (M=4.96, p=.056). Results showed song selector 
is only important for evoked emotional responses for the most familiar songs, showing participant 
selected songs elicit stronger emotions compared to a third party selecting familiar songs. This most 
likely reflects that very familiar participant selected songs were more familiar to participants than the 
very familiar songs selected by the researcher (see Appendix E). Song selector is not very important 
for ratings of emotions perceived in music, although generally the more familiar the music, the 
stronger the ratings of pleasure perceived in the music. 
 
Table 6.24 
 
Estimated marginal means (M) and significance levels for Sidak pairwise comparisons exploring the 
interaction effect of Familiarity*SongSelector*EmotionType, examining differences between 
participant selected and researcher selected songs for emotion ratings on the SAM dimensions, at 
each level of familiarity, for felt and then perceived emotion ratings 
 
  Felt Perceived 
DV Level of 
Familiarity 
Own 
(M) 
Res (M) Sig. Own (M) Res (M) Sig. 
SAM Pleasure Fam 3.03 4.10 .001** 3.62 4.04 n/s 
ModFam 3.59 3.95 n/s 4.10 4.95 .004** 
UnFam 4.90 4.90 n/s 4.37 4.96 .056 
SAM Arousal Fam 4.23 4.96 .009** 4.21 4.47 n/s 
ModFam 5.18 5.03 n/s 4.68 4.95 n/s 
UnFam 4.99 5.19 n/s 4.55 4.10 n/s 
SAM 
Dominance 
Fam 6.35 5.86 n/s 6.28 6.24 n/s 
ModFam 6.00 5.41 .015* 5.69 5.42 n/s 
UnFam 5.03 4.89 n/s 5.90 5.58 n/s 
Notes. n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Fam = Very familiar songs; ModFam = Moderately familiar songs; UnFam = Unfamiliar songs 
Felt = Felt emotion ratings; Perceived = Perceived emotion ratings 
Own = participant selected songs; Res = researcher selected songs 
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Finally, no consistent patterns were seen comparing felt to perceived emotion ratings across OWN and 
RES songs at different levels of familiarity (see Table 6.25).  
 
Table 6.25 
 
Estimated marginal means (M) and significance levels for Sidak pairwise comparisons exploring the 
interaction effect of Familiarity*SongSelector*EmotionType, examining differences between felt 
and perceived SAM emotion ratings, at each level of song familiarity, firstly for participant selected 
songs and then for researcher selected songs  
 
  Own Res 
DV Familiarity Felt 
(M) 
Perceived 
(M) 
Sig. Felt (M) Perceived 
(M) 
Sig. 
SAM Pleasure Fam 3.03 3.62 .048* 4.10 4.04 n/s 
ModFam 3.59 4.10 .052 3.95 4.95 .001** 
UnFam 4.90 4.37 .028* 4.90 4.96 n/s 
SAM Arousal Fam 4.23 4.21 n/s 4.96 4.47 .028* 
ModFam 5.18 4.68 .036* 5.03 4.95 n/s 
UnFam 4.99 4.55 n/s 5.19 4.10 .004** 
SAM 
Dominance 
Fam 6.35 6.28 n/s 5.86 6.24 n/s 
ModFam 6.00 5.69 n/s 5.41 5.42 n/s 
UnFam 5.03 5.90 .003** 4.89 5.58 .013* 
Notes. n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Fam = Very familiar songs; ModFam = Moderately familiar songs; UnFam = Unfamiliar songs 
Felt = Felt emotion ratings; Perceived = Perceived emotion ratings 
Own = participant selected songs; Res = researcher selected songs 
 
There were no significant 3-way interaction effects for GENRE*SONGSELECTOR*EMOTIONTYPE, (V=0.14, 
F(6,98)=1.25,p=.29, ηp2 = .07, power=.47) and for GENRE*FAMILIARITY*EMOTIONTYPE (V=0.10, 
F(12,300)=0.88,p=.57, ηp2 = .03, power=.51). 
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There was no significant 4-way interaction effect of GENRE*FAMILIARITY*SONGSELECTOR*EMOTIONTYPE, 
V=0.13, F(12,300)=1.14,p=.33, ηp2 = .04, power=.65.  
 
 
6.4.3.3 PAT  
A 2x2x3x3 within-subjects MANOVA was run, with the three PAT emotion dimensions as DVs to 
examine effects of the factors on the PAT dimensions and the relationship between the three PAT 
dimensions. There were four factors: SONGSELECTOR (OWN; RES); EMOTIONTYPE (Felt; Perceived); GENRE 
(Preferred genre; Moderately preferred genre; Disliked genre); FAMILIARITY (Familiar songs; Moderately 
familiar song; Unfamiliar song). All assumptions of the test were met, however due to the small sample 
size Pillai’s trace is reported. Sidak pairwise comparisons were run to examine significant main effects 
and interaction effects. Sidak Pairwise comparisons were used as the post-hoc tests, which adjust for 
multiple comparisons in the way they are computed. Only significant main effects and interactions are 
reported. 
6.4.3.3.1 Aim 1 Analyses – Genre Preference  
What influence does genre preference have on emotional response to music? 
There was a significant main effect of GENRE, V=0.31, F(6,110)=3.33,p=.005, ηp2 = .15, power=.93. Sidak 
pairwise comparisons showed genre preference is a factor for pleasure ratings, with preferred genres 
(M=1.55) eliciting significantly more pleasure compared to moderately preferred (M=1.06, p<.001) 
and disliked genres (M=0.76, p=.002). Conversely, disliked genres (M=0.38) elicit significantly more 
tense arousal compared to preferred genres (M= -0.44, p=.033; see Table 6.26). There were no 
significant differences between levels of genre preference for Arousal-Wakefulness, nor between 
moderately preferred and disliked genres on any of the dimensions.  
Table 6.26  
 
Estimated marginal means for Sidak pairwise comparisons exploring the main effect of Genre, 
comparing each level of genre preference for each dimension of the PAT 
 
 Pleasure Arousal-Wakefulness Arousal-Tension 
Preferred 1.55* 1.20 -0.44* 
Moderately preferred 1.06* 1.27 -0.05* 
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Disliked 0.76* 1.48 0.38* 
Note. * indicates a significant difference as evidenced by Sidak pairwise comparisons. Italics demonstrate 
means that were significantly stronger emotional responses. 
Preferred = Preferred genre; Moderately preferred = Moderately preferred genre; Disliked = Disliked genre 
 
There was a marginally significant interaction effect of GENRE*SONGSELECTOR, V=0.25, 
F(6,110)=2.62,p=.020, ηp2 = .13, power=.84 (see Figure 6.6). Table 6.27 shows Sidak pairwise 
comparisons comparing levels of genre preference for OWN and then for RES songs, for each dimension 
of the PAT.  For OWN songs, only preferred genres (M=1.71) elicited significantly stronger pleasure 
compared to disliked genres (M=0.79, p=.003). However, for RES songs, preferred genres (M=1.32) 
elicited significantly stronger pleasure ratings compared to moderately preferred (M=0.82, p=.006) 
and disliked genres (M=0.74, p=.034). In contrast, preferred genres also elicited marginally 
significantly less arousal-wakefulness (M=1.03) compared to disliked genres (M=1.37, p=.07) and 
significantly less tension-arousal (M=-0.52) compared to disliked genres (M=0.50, p=.006). This 
suggests when an individual is picking songs, genre preference is important to eliciting pleasure, or 
positive valence. However, genre preference is more emotionally influential when a third party is 
selecting the music, with preferred genres eliciting more pleasure, but disliked genres eliciting more 
arousal. 
 
Table 6.27 
 
Significance levels for Sidak pairwise comparisons exploring the interaction effect of 
Genre*SongSelector, comparing levels of genre preference, for participant selected (Own) songs 
then for researcher selected (Res) songs, for each dimension of the PAT 
 
DV Levels of Genre preference being 
compared 
Own 
Sig. 
Res 
Sig. 
PAT Pleasure Preferred vs Mod preferred n/s .006** 
Preferred vs Disliked .003** .034* 
Mod preferred vs Disliked n/s n/s 
PAT Arousal-wakefulness Preferred vs Mod preferred n/s n/s 
Preferred vs Disliked n/s .067 
Mod preferred vs Disliked n/s n/s 
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PAT Tension-arousal Preferred vs Mod preferred n/s n/s 
Preferred vs Disliked n/s .006** 
Mod preferred vs Disliked n/s n/s 
Notes. n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Preferred = Preferred genre; Mod preferred = Moderately preferred genre; Disliked = Disliked genre 
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There was a significant interaction effect of GENRE*EMOTIONTYPE, V=0.46, F(6,110)=5.39,p<.001, ηp2 = 
.23, power=.99 (see Figure 6.7). Table 6.28 shows Sidak pairwise comparisons comparing levels of 
genre preference, first for felt and then for perceived emotion ratings, for each PAT dimension.  
Results showed for felt songs, preferred genres (M=1.94) elicited significantly stronger pleasure 
compared to moderately preferred genres (M=1.25, p<.001) and disliked genres (M=0.56, p<.001). 
Moderately preferred genres also elicited significantly more pleasure compared to disliked genres 
(p=.024). In contrast, disliked genres (M=0.23) and moderately preferred genres (M=-0.22) elicited 
significantly more tension-arousal compared to preferred (M=-0.79, p=.007 and p=.036 respectively) 
genres.  Therefore, for felt songs, the more preferred a genre the stronger the pleasure that is felt, 
and the more disliked a genre the stronger the tension felt. There were no differences due to genre 
preference for felt arousal-wakefulness ratings. It is concluded that genre preference influences 
dimensional felt emotion for pleasure and tension-arousal.  There were no significant differences for 
perceived ratings, therefore genre preference does not influence emotion perceived in the music.  
 
Table 6.28 
 
Significance levels for Sidak pairwise comparisons exploring the interaction effect of 
Genre*EmotionType, comparing levels of genre preference for felt emotion ratings then for 
perceived emotion ratings, for each PAT dimension 
 
DV Genre preference 
comparison 
 
Felt 
Sig. 
Perceived 
Sig. 
PAT Pleasure Preferred vs Mod preferred <.001*** n/s 
Preferred vs Disliked <.001*** n/s 
Mod preferred vs Disliked .024* n/s 
PAT Arousal-wakefulness Preferred vs Mod preferred n/s n/s 
Preferred vs Disliked n/s n/s 
Mod preferred vs Disliked n/s n/s 
PAT Tension-arousal  Preferred vs Mod preferred .036* n/s 
Preferred vs Disliked .007** n/s 
Mod preferred vs Disliked n/s n/s 
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Notes. n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Preferred = Preferred genre; Mod preferred = Moderately preferred genre; Disliked = Disliked genre 
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110 
 
6.4.3.3.2 Aim 2 Analyses – Song Familiarity  
What influence does song familiarity have on emotional response to music?  
There was a significant main effect of FAMILIARITY, V=0.48, F(6,110)=5.86,p<.001, ηp2 = .24, power=.99. 
Familiar songs (M=1.48) elicited significantly stronger pleasure ratings compared to moderately 
familiar (M=1.16, p=.044) and unfamiliar songs (M=0.73, p<.001; see Table 6.29). Moderately familiar 
songs also elicited significantly more pleasure compared to unfamiliar songs (p=.012). Conversely, 
unfamiliar songs (M=0.22) elicited significantly more tense arousal compared to familiar (M= -0.16, 
p=.010) and moderately familiar songs (M= -0.17, p=.004).  
 
Table 6.29  
 
Estimated marginal means and significance levels for Sidak pairwise comparisons exploring the 
main effect of Familiarity, comparing each level of song familiarity for each dimension of the PAT 
 
 Pleasure Arousal-Wakefulness Arousal-Tension 
Familiar 1.48* 1.44 -0.16* 
Moderately familiar 1.16* 1.23 -0.17* 
Unfamiliar 0.73* 1.28 0.22* 
Note. * indicates a significant difference as evidenced by Sidak pairwise comparisons. Italics demonstrate 
means that were significantly stronger emotional responses. 
Familiar= Very familiar song; Moderately familiar= Moderately familiar song; Unfamiliar= Unfamiliar song 
 
 
There was a significant interaction effect of EMOTIONTYPE*FAMILIARITY, V=0.50, F(6,110)=6.14,p<.001, 
ηp2 = .25, power=.99 (see Figure 6.8). Table 6.30 shows Sidak pairwise comparisons comparing levels 
of song familiarity for felt and then for perceived emotion ratings, for each dimension of the PAT.  For 
felt songs, familiar (M=1.69) songs and moderately familiar songs (M=1.45) elicited significantly 
stronger feelings of pleasure compared to unfamiliar songs (M=0.61, p<.001 and p<.001 respectively). 
Felt ratings for tension-arousal showed familiar (M=-0.44) and moderately familiar songs (M=-0.49) 
elicited significantly weaker feelings of tension-arousal compared to unfamiliar songs (M=0.15 
p=<.001 and p<.001 respectively). Results also showed familiar songs elicited significantly more felt 
arousal wakefulness (M=1.41) compared to unfamiliar songs (M=0.96, p=.018). For perceived ratings, 
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significant differences were only seen for pleasure ratings. Familiar (M=1.27) songs elicited 
significantly stronger perceived pleasure ratings compared to moderately familiar songs (M=0.86, 
p=.030) and marginally significantly stronger feelings of pleasure compared to unfamiliar songs 
(M=0.85, p=.072). Results show song familiarity is important for felt emotion ratings, with increasing 
familiarity eliciting increasingly strong feelings, but the more unfamiliar a song, the more tension will 
be elicited. Results also suggest song familiarity is not an important factor in determining ratings of 
emotion perceived in the music beyond pleasure.  
 
Table 6.30 
 
Significance levels for Sidak pairwise comparisons exploring the interaction effect of 
Familiarity*EmotionType, comparing levels of song familiarity, first for felt and then for perceived 
emotion ratings, for each dimension of the PAT 
 
DV Levels of Song familiarity being compared 
 
Felt 
Sig. 
Perceived 
Sig. 
PAT Pleasure Fam vs ModFam n/s .030* 
Fam vs UnFam <.001*** .072 
ModFam vs UnFam <.001*** n/s 
PAT Arousal-wakefulness Fam vs ModFam n/s n/s 
Fam vs UnFam .018* n/s 
ModFam vs UnFam n/s n/s 
PAT Tension-arousal  Fam vs ModFam n/s n/s 
Fam vs UnFam <.001*** n/s 
ModFam vs UnFam <.001*** n/s 
Notes. n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Fam= Very familiar song; ModFam= Moderately familiar song; UnFam= Unfamiliar song 
 
 
There was no significant interaction effect of GENRE*FAMILIARITY (V=0.08, F(12,336)=0.73,p=.72, ηp2 = 
.03, power=.43). 
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6.4.3.3.3 Aim 3 Analyses – Song Selector  
Can a third party be as effective at choosing emotive music as a self-selector? 
There was a marginally significant main effect of SONGSELECTOR, V=0.22, F(3,26)=2.47,p=.085, ηp2 = .22, 
power=.55. OWN songs elicited significantly stronger pleasure (M=1.26|) and arousal-wakefulness 
(M=1.43) ratings compared to RES songs (PATP: M=.98, p=.043; PATA: M=1.21, p=.045; see Table 6.31).  
 
Table 6.31 
 
Estimated marginal means (M) and significance levels for Sidak pairwise comparisons exploring the 
main effect of SongSelector, comparing participant selected songs (Own) to researcher selected 
songs (Res) for each emotion dimension of the PAT 
DV Own (M) Res (M) Sig. 
PAT Pleasure 1.26 0.98 .043 
PAT Arousal-Wakefulness 1.43 1.21 .045 
PAT Tension-Arousal -0.08 0.01 .42 
 
 
As discussed in section 6.4.3.3.1, there was a marginally significant interaction effect of 
GENRE*SONGSELECTOR, V=0.25, F(6,110)=2.62,p=.020, ηp2 = .13, power=.84. In section 6.4.3.3.1 levels of 
genre preference were compared using Sidak pairwise comparisons, first for OWN songs and then for 
RES songs. Examining the interaction effect here in another way, Sidak pairwise comparisons 
compared OWN and RES emotion ratings for each PAT dimensions at each level of genre preference 
(see Table G.32). Results showed OWN ratings of pleasure for preferred genres (M=1.71) and 
moderately preferred genres (M=1.29) were marginally significantly stronger compared to RES ratings 
for preferred (M=1.39, p=.060) and moderately preferred genres (M=0.82, p=.051), but no difference 
for disliked genres. OWN ratings of arousal-wakefulness were significantly stronger for preferred 
genres (M=1.38) and moderately compared genres (M=1.53) compared to RES ratings for preferred 
(M=1.03, p=.019) and moderately preferred genres (M=1.02, p=.018), but arousal-wakefulness RES 
ratings (M=1.59) were marginally significantly stronger compared to OWN songs for disliked genres 
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(M=1.37, p=.09). However, there were no significant differences between OWN and RES songs for 
tension-arousal ratings. Therefore, who selects the song is important for genres a listener has a 
preference for when considering pleasure and wakeful arousal. 
 
Table G.32 
 
Estimated marginal means (M) and significance levels for Sidak pairwise comparisons 
exploring the interaction effect of Genre*SongSelector, comparing participant selected 
(Own) to researcher selected (Res) song ratings at each level of genre preference, for each 
dimension of the PAT 
 
DV Level of Genre preference 
 
Own (M) Res (M) Sig. 
PAT Pleasure Preferred 1.71 1.39 .060 
Mod preferred 1.29 0.82 .051 
Disliked 0.79 0.74 n/s 
PAT Arousal-
Wakefulness 
Preferred 1.38 1.03 .019* 
Mod preferred 1.53 1.02 .018* 
Disliked 1.37 1.59 .087 
PAT Tension-
arousal 
Preferred -0.35 -0.52 n/s 
Mod preferred -0.14 0.05 n/s 
Disliked 0.26 0.50 n/s 
Notes. n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Preferred = Preferred genre; Mod preferred = Moderately preferred genre; Disliked = Disliked genre 
 
 
There was no significant interaction effect of SONGSELECTOR*FAMILIARITY (V=0.12, F(6,110)=1.21,p=.30, 
ηp2 = .06, power=.46). 
 
There was a marginally significant interaction effect of Genre*Familiarity*SongSelector (V=0.17, 
F(12,336)=1.67,p=.072, ηp2 = .06, power=.85). However, the small effect size and acceptable power 
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suggest the marginal significance can be taken as a non-significant effect, therefore no further 
examination is warranted. There was no significant 3-way interaction effect of 
GENRE*SONGSELECTOR*EMOTIONTYPE, (V=0.04, F(6,110)=0.36,p=.90, ηp2 = .02, power=.15) and no 
significant 3-way interaction effect for GENRE*FAMILIARITY*EMOTIONTYPE (V=0.05, F(12,336)=0.49,p=.92, 
ηp2 = .02, power=.28). 
 
 
6.4.3.3.4 Aim 4 Analyses – Felt versus Perceived Emotion  
What are the differences between felt emotion in response to the music and emotion perceived in 
the music? 
There was a significant main effect of EMOTIONTYPE, V=0.42, F(3,26)=6.37,p=.002, ηp2 = .42, power=.94. 
Sidak pairwise comparisons showed perceived emotion ratings were significantly more arousing (both 
wakeful (M=1.45) and tense (M=0.19)) compared to felt emotion ratings (PATA: M=1.19, p=.034; 
PATT: M=-.26, p<.001; see Table 6.33). 
 
 
 
As presented above in section 6.4.3.3.1, there was a significant interaction effect of 
GENRE*EMOTIONTYPE, V=0.46, F(6,110)=5.39,p<.001, ηp2 = .23, power=.99. In 6.4.3.3.1, this was 
examined by comparing genre preference levels, first for felt and then for perceived emotion ratings. 
Table 6.33 
 
Estimated marginal means (M) and significance levels for Sidak pairwise comparisons 
exploring the main effect of EmotionType, comparing felt emotion ratings to perceived 
emotion ratings for each dimension of the PAT 
 
DV Felt Perceived Sig. 
PAT Pleasure 1.25 0.99 .10 
PAT Arousal-Wakefulness 1.19 1.45 .034 
PAT Tension-Arousal -0.26 0.19 <.001 
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In this section here, Sidak pairwise comparisons compared felt and perceived emotion ratings for each 
PAT emotion dimension at each level of genre preference (see Table G.34). Results showed genres 
that listeners have a preference for (preferred and moderately preferred) elicited significantly more 
felt pleasure (Preferred: M=1.94; Moderately preferred: M=1.25) compared to pleasure perceived in 
the music (Preferred: M=1.16, p<.001; Moderately preferred: M=0.86, p=.049). Conversely, 
moderately preferred (M=1.40) and disliked genres (M=1.73) elicited significantly more perceived 
arousal than felt arousal (Moderately preferred: M=1.14, p=.059; Disliked: M=1.23, p=.006) in terms 
of wakefulness. Similarly, for tension-arousal, all levels of genre preference display stronger ratings of 
perceived emotion (Preferred: M=-0.08; Moderately preferred: M=1.13; Disliked: M=0.53) compared 
to felt emotion (Preferred: M=-0.79, p<.001; Moderately preferred: M=-0.22 p=.011; Disliked: M=0.23, 
p=.078). Therefore, genre preferences are important when comparing felt emotion compared to 
emotion perceived in the music.  
 
Table G.34 
 
Estimated marginal means (M) and significance levels for Sidak pairwise comparisons exploring 
the interaction effect of Genre*EmotionType, comparing felt emotion ratings to perceived 
emotion ratings, at each level of genre preference for each PAT dimension 
 
DV Level of Genre 
preference 
 
Felt  
(M) 
Perceived 
(M) 
Sig. 
PAT Pleasure Preferred 1.94 1.16 <.001*** 
Mod preferred 1.25 0.86 .049* 
Disliked 0.56 0.96 n/s 
PAT Arousal-
wakefulness 
Preferred 1.18 1.22 n/s 
Mod preferred 1.14 1.40 .059 
Disliked 1.23 1.73 .006** 
PAT Tension-
arousal  
Preferred -0.79 -0.08 <.001*** 
Mod preferred -0.22 0.13 .011* 
Disliked 0.23 0.53 .078 
Notes. n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Preferred = Preferred genre; Mod preferred = Moderately preferred genre; Disliked = Disliked genre 
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As discussed in section 6.4.3.3.2, there was a significant interaction effect of EMOTIONTYPE*FAMILIARITY, 
V=0.50, F(6,110)=6.14,p<.001, ηp2 = .25, power=.99. In section 6.4.3.3.2, Sidak pairwise comparisons 
compared levels of song familiarity for felt and then for perceived emotions ratings. Here, the 
interaction effect was examined in a different way, using Sidak pairwise comparisons to compare felt 
ratings to perceived ratings, at each level of song familiarity for each PAT dimension. Results showed 
felt pleasure ratings for familiar (M=1.69) and moderately familiar (M=1.45) songs were significantly 
stronger compared to perceived pleasure ratings for familiar (M=1.27, p=.014) and moderately 
familiar songs (M=0.86, p=.002). In contrast, results showed felt tense-arousal ratings for familiar (M=-
0.44) and moderately familiar (M=-0.49) songs were significantly weaker compared to perceived 
tense-arousal ratings for familiar (M=0.13, p=.001) and moderately familiar songs (M=0.15, p<.001). 
Unfamiliar songs elicited significantly less felt arousal-wakefulness (M= 0.96) ratings compared to 
perceived ratings on arousal-wakefulness (M=1.60, p<.001; see Table 6.35). Results suggest songs with 
some level of familiarity elicits more pleasurable felt responses, whereas unfamiliar songs elicit 
tension, interpreted as a marker of unfamiliarity or novelty, showing song familiarity is important for 
eliciting felt responses to music, whereas perceived emotions are stronger for unfamiliar music. 
 
Table 6.35 
 
Estimated marginal means and significance levels for Sidak pairwise comparisons exploring 
the interaction effect of Familiarity*EmotionType, comparing felt emotion ratings to perceived 
emotion ratings at each level of song familiarity, for each PAT dimension 
 
DV Level of Song familiarity 
 
Felt  
(M) 
Perceived 
(M) 
Sig. 
PAT Pleasure Familiar 1.69 1.27 .014* 
Mod familiar 1.45 0.86 .002** 
Unfamiliar 0.61 0.85 n/s 
PAT Arousal-
wakefulness 
Familiar 1.41 1.47 n/s 
Mod familiar 1.19 1.27 n/s 
Unfamiliar 0.96 1.60 <.001*** 
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PAT Tension-
arousal  
Familiar -0.44 0.13 .001** 
Mod familiar -0.49 0.15 <.001*** 
Unfamiliar 0.15 0.30 n/s 
Notes. n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Familiar= Very familiar song; Mod familiar= Moderately familiar song; Unfamiliar= Unfamiliar song 
 
 
There was no significant interaction effect of SONGSELECTOR*EMOTIONTYPE (V=0.04, F(3,26)=0.34,p=.80, 
ηp2 = .04, power=.11). 
 
There was a significant 3-way interaction effect of FAMILIARITY*SONGSELECTOR*EMOTIONTYPE, V=0.25, 
F(6,110)=2.60, p=.022, ηp2 = .12, power=.83. This was examined using Sidak pairwise comparisons 
(Table 6.36, 6.37 and 6.38). Several overall patterns were seen.  
 
Firstly, the 3-way interaction effect was examined, comparing levels of song familiarity, for OWN then 
RES songs, for felt and then perceived emotion ratings (see Table 6.36). For felt pleasure during OWN 
songs, familiar songs (M=1.99) elicited significantly stronger pleasure compared to moderately 
familiar (M=1.49, p=.039) and unfamiliar songs (M=0.77, p<.001). Moderately familiar songs also 
elicited significantly more pleasure compared to unfamiliar songs (p=.011). For felt arousal-
wakefulness during OWN songs, familiar songs (M=1.70) elicited significantly stronger arousal-
wakefulness compared to unfamiliar songs (M=0.90, p<.001; and marginally significant for moderately 
familiar songs (M=1.37) compared to unfamiliar songs at a level of p=.078). For felt arousal-tension 
during OWN songs, familiar songs (M=-0.47) and moderately familiar songs (M=-0.55) elicited 
significantly weaker tension compared to unfamiliar songs (M=0.14, p=.010 and p=.001 respectively). 
Results showed the more familiar the song when selected by the listener, the stronger the felt positive 
valence and arousal. The less familiar the song, the stronger the felt feelings of tension.  
 
For researcher selected songs, familiar songs (M=1.40) and moderately familiar songs (M=1.41) 
elicited significantly stronger pleasure compared to unfamiliar songs (M=0.45, p<.001 and p<.001 
respectively). There were no significant differences for Arousal-wakefulness for felt RES songs.  For RES 
songs for tension-arousal, familiar songs (M=-0.41) and moderately familiar songs (M=-0.42) elicited 
significantly weaker tension compared to unfamiliar songs (M=0.15, p=.037 and p=.027 respectively). 
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Again, the more familiar the song, the stronger the felt pleasure and the weaker the felt tension when 
a third party selects the song. 
 
There were no significant differences between levels of familiarity for perceived emotion ratings of 
OWN songs. For RES songs, perceived pleasure ratings were significantly stronger for familiar songs 
(M=1.37) compared to moderately familiar songs (M=0.58, p=.007), and marginally significantly 
stronger compared to unfamiliar songs (M=0.68, p=.10). Perceived arousal-wakefulness ratings were 
marginally significantly weaker for moderately familiar songs (M=1.08) compared to unfamiliar songs 
(M=1.65, p=.07). For perceived tension-arousal, RES unfamiliar songs (M=0.44) were significantly 
stronger for tension-arousal compared to RES familiar songs (M=0.03, p=.08). 
 
For felt emotions, songs with some level of familiarity elicited significantly stronger felt pleasure and 
arousal –wakefulness feelings compared to unfamiliar, OWN songs, and significantly weaker tension-
arousal feelings compared to unfamiliar songs. This suggests familiarity influences music-evoked 
emotion for an individual selecting their songs, not for perceived ratings. This was the same for RES, 
felt emotions, showing song familiarity influenced felt emotion. However, familiarity level also 
influenced perceived ratings for RES songs, with more pleasure rated in the music as familiarity 
increased, but more arousal (both wakefulness and tension) for unfamiliar songs compared to songs 
with some level of familiarity. 
 
Table 6.36 
 
Significance levels for Sidak pairwise comparisons exploring the interaction effect of 
Familiarity*SongSelector*EmotionType, comparing differences between levels of song familiarity, 
for participant selected and researcher selected songs, first for felt emotions than for emotions 
perceived in the music, for each PAT emotion dimension 
 
 EmotionType SongSelector Fam v 
ModFam 
Sig. 
Fam v UnFam 
Sig. 
ModFam v 
UnFam 
Sig. 
PAT Pleasure 
 
Felt Own .039* <.001*** .011* 
Res n/s <.001*** <.001*** 
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Perceived Own n/s n/s n/s 
Res .007** .097 n/s 
 
PAT Arousal-
wakefulness 
Felt Own n/s <.001*** .078 
Res n/s n/s n/s 
Perceived Own n/s n/s n/s 
Res n/s n/s .069 
PAT Tension-
arousal 
Felt Own n/s .010* .001** 
Res n/s .037* .027* 
Perceived Own n/s n/s n/s 
Res n/s .075 n/s 
Notes. n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Fam= Very familiar song;  ModFam= Moderately familiar song;   UnFam= Unfamiliar song 
Felt = felt emotion ratings;   Perceived = perceived emotion ratings 
Own = participant selected songs;   Res = researcher selected songs 
 
Secondly, the 3-way interaction effect was examined using Sidak pairwise comparisons, comparing 
differences between OWN and RES songs, for each level of song familiarity, for felt emotional responses 
and for perceived emotion ratings (see Table 6.37). For felt emotional responses, OWN familiar songs 
(M=1.99) elicited significantly more pleasure compared to RES familiar songs (M=1.40, p=.007). This 
was also the case for felt arousal-wakefulness, where OWN familiar songs (M=1.70) elicited 
significantly more arousal-wakefulness compared to RES familiar songs (M=1.12, p=.003). OWN 
moderately familiar songs (M=1.37) elicited marginally significantly more arousal-wakefulness 
compared to RES moderately familiar songs (M=1.02, p=.071). For perceived emotion ratings, OWN 
moderately familiar songs (M=1.15) elicited significantly more pleasure compared to RES moderately 
familiar songs (M=0.58, p=.033). This was also the case for felt arousal-wakefulness, where OWN 
moderately familiar songs (M=1.46) elicited significantly more arousal-wakefulness compared to RES 
moderately familiar songs (M=1.08, p=.028). 
 
Table 6.37  
 
Significance levels for Sidak pairwise comparisons exploring the interaction effect of 
Familiarity*SongSelector*EmotionType, comparing differences between participant selected (Own) 
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songs and researcher selected (Res) songs for each level of song familiarity for each PAT emotion 
dimension, firstly for felt emotional responses and then for emotions perceived in the music 
 
  Felt Perceived 
DV Level of song 
familiarity 
Own 
(M) 
Res 
(M) 
Sig. Own 
(M) 
Res 
(M) 
Sig. 
PAT Pleasure Familiar 1.99 1.40 .007** 1.17 1.37 n/s 
Mod familiar 1.49 1.41 n/s 1.15 0.58 .033* 
Unfamiliar 0.77 0.45 n/s 1.01 0.68 n/s 
PAT Arousal-
wakefulness 
Familiar 1.70 1.12 .003** 1.57 1.38 n/s 
Mod familiar 1.37 1.02 .071 1.46 1.08 .028* 
Unfamiliar 0.90 1.03 n/s 1.56 1.65 n/s 
PAT Tension-
arousal  
Familiar -0.47 -0.41 n/s 0.22 0.03 n/s 
Mod familiar -0.55 -0.42 n/s 0.03 0.26 n/s 
Unfamiliar 0.14 0.15 n/s 0.17 0.44 n/s 
Notes. n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Familiar= Very familiar song; Mod familiar= Moderately familiar song; Unfamiliar= Unfamiliar song 
Felt = felt emotion ratings; Perceived = perceived emotion ratings 
Own = participant selected songs; Res = researcher selected songs 
 
 
Finally, the 3-way interaction effect was examined another way using Sidak pairwise comparisons, 
where participant selected felt ratings were compared to perceived emotion ratings, for each level of 
song familiarity, followed by comparing the same for researcher selected songs (see Table 6.38). 
Results showed for OWN songs, familiar songs elicit stronger felt pleasure (M=1.99) compared to 
perceived pleasure (M=1.17, p<.001), whereas for RES songs this pattern was seen for moderately 
familiar songs, with felt pleasure ratings (M=1.41) significantly stronger compared to perceived 
pleasure ratings (M=0.58, p<.001). However, for both OWN and RES songs, perceived ratings of tense-
arousal were stronger for familiar (OWN: M=0.22 ; RES: M=0.03) and moderately familiar (OWN: M=0.03 
; RES: M=0.26) songs compared to familiar (OWN: M=-0.47, p=.003; RES: M=-0.41, p=.011)  and 
moderately familiar (OWN: M=-0.55, p<.001; RES: M=-0.42, p<.001) felt ratings. In contrast, for arousal-
wakefulness dimension the only significant differences showed perceived arousal-wakefulness ratings 
as stronger for both OWN (M=1.56) and RES (M=1.65) songs compared to felt OWN (M=0.90, p<.001) 
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and RES (M=1.03, p=.001) songs for unfamiliar songs. To summarise, felt pleasure is stronger than 
perceived pleasure when songs are familiar, irrespective of who selects the music. In contrast to tense 
arousal being more strongly perceived in music than felt in response to music, irrespective of who 
selects the music. Arousal wakefulness is perceived more strongly in unfamiliar music than it is felt, 
possible indicating attention to novelty. 
 
 
Table 6.38 
 
Estimated marginal means (M) and significance levels for Sidak pairwise comparisons exploring the 
interaction effect of Familiarity*EmotionType*SongSelector, comparing differences between felt and 
perceived emotion ratings, at each level of song familiarity for each PAT emotion dimension, first for 
participant selected songs, then for researcher selected songs 
 
  Own Res 
DV Level of song 
familiarity 
Felt  
(M) 
Perceived 
(M) 
Sig. Felt  
(M) 
Perceived 
(M) 
Sig. 
PAT Pleasure Familiar 1.99 1.17 <.001*** 1.40 1.37 n/s 
Mod familiar 1.49 1.15 n/s 1.41 0.58 <.001*** 
Unfamiliar 0.77 1.01 n/s 0.45 0.68 n/s 
PAT Arousal-
wakefulness 
Familiar 1.70 1.57 n/s 1.12 1.38 n/s 
Mod familiar 1.37 1.46 n/s 1.02 1.08 n/s 
Unfamiliar 0.90 1.56 <.001*** 1.03 1.65 .001** 
PAT Tension-
arousal  
Familiar -0.47 0.22 .003** -0.41 0.03 .011* 
Mod familiar -0.55 0.03 <.001*** -0.42 0.26 <.001*** 
Unfamiliar 0.14 0.17 n/s 0.15 0.44 n/s 
Notes. n/s – p >.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Familiar= Very familiar song; Mod familiar= Moderately familiar song; Unfamiliar= Unfamiliar song 
Felt = felt emotion ratings; Perceived = perceived emotion ratings 
Own = participant selected songs; Res = researcher selected songs 
 
 
There was no significant 4-way interaction effect of GENRE*FAMILIARITY*SONGSELECTOR*EMOTIONTYPE, 
V=0.05, F(12,336)=0.47,p=.93, ηp2 = .02, power=.27.  
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6.4.4 Gap Across Emotion Loci (GAEL) 
Gap across emotion loci (GAEL) scores were calculated to create a measure of the distance between 
felt and perceived emotion ratings (Schubert, 2010), to examine the influence, if any, of the factors 
on GAEL scores, because Schubert (2010) identified a relationship between familiarity, GAEL, 
emotional response and preference. Results did not show anything of note beyond what existing 
analyses have demonstrated, with each analysis only showing one significant main effect, therefore 
potentially due to the number of ANOVAs. Effect sizes were small to medium, so it was decided the 
odd significant result was due to volume of tests or of no consequence.  Therefore, results are not 
included, but are available on request. Similarly, the distance between OWN and RES ratings was 
computed as a GAEL score. Again, results did not add anything to what has already been presented, 
showing the more familiar and preferred a genre, the larger the gap between OWN and RES songs. 
Therefore, analyses are not presented, but are available on request.  
 
6.4.5. Aim 6: The Relationship of Emotional Response to Emotion Theory 
To investigate the sixth aim of the study, the relationship of emotional response to emotion theory, a 
Factor Analysis was considered. Four different forms of analyses were conducted; a Regularized 
Exploratory Factor Analysis (REFA; Jung & Lee, 2011) due to the small size of the sample; a Factor 
Analysis using a Maximum Likelihood method as a comparison to the REFA, as used by Jung and Lee 
(2011) comparing results of their REFA to an ML Factor Analysis (MLFA); a Principal Components 
Analysis (PCA), which assumes no error, and a Cluster Analysis. A similar structure emerged across the 
different methods, strengthening the argument as to which emotions cluster together across the 
three measures. The analyses were conducted on the overall mean scores for each of the fifteen 
emotion components; the nine GEMS emotions, and the three dimensions of the SAM and the PAT. 
Assumptions of the test were met for all factor analyses.  For all factor analyses the Kaiser criterion 
extracting factors with an Eigenvalue greater than 1 suggested a three factor solution. However, using 
Cattell’s method of extraction the scree plots for all analyses suggested four factors could be 
extracted, further supported by a four factor solution exceeding the desired level of explained 
variance (75%; Tabachnick & Fidell, 2007). When extracting four factors, 77% of the variance was 
explained and solutions were closer to achieving Simple Structure. For this reason, a four-factor 
solution is reported. Only the REFA is reported as this is the most appropriate analysis given the small 
sample size and results across methods were very similar. The REFA was run in MATLAB, using the 
anti-image assumption as the regularization scheme as it was not clear that across items the unique 
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variances were constant. Oblique rotation is recommended (Tabachnick & Fidell, 2007), as it is 
assumed factors will correlate. Quartimin rotation was used. The factor correlations suggested this 
was appropriate as correlations exceeded .3 (Tabachnick & Fidell, 2007). As REFA loadings are more 
conservative and shrunk towards zero, a cut-off of .35 is used for the REFA. These loadings for the 
REFA are shown in Table 6.39.  
 
65.27% of the variance is explained by the REFA four-factor oblique solution. The solution is close to 
achieving Simple Structure, with only Peacefulness presenting as complex. Peacefulness loads onto 
Factor 2 >.55, which is considered very good, compared to a good loading of >.45 onto Factor 4 
(Tabachnick & Fidell, 2007). For this reason, it is assumed to be more appropriate loading onto Factor 
2. Also of note, as low scores on SAM Pleasure and SAM Arousal indicate strong feelings of pleasure 
and high arousal, as opposed to high scores representing strong feelings on the other measures, 
positive loadings are observed for these emotions onto Factor 1, compared to negative loadings for 
the other measures. The factors are interpreted in the following way: 
Positive Activation: Power, Joy, SAMP, SAMA, SAMD 
Deactivation: Tenderness, Nostalgia, Peacefulness, Sadness, PATA 
Negative Tension: Tension, PATT, PATP 
Sublimity: Wonder, Transcendence 
Whilst it is not recommended to define a factor with only two variables, it seems reliable as the two 
variables correlate highly > .7 (r =.74) and are relatively uncorrelated to all other variables (r <.55; 
Tabachnick & Fidell, 2007).  To further test the four-factor solution, reliability analyses were 
conducted. Because the different emotion measures use different scales, reliability analyses were 
conducted on z-scores for each emotion. Positive Activation had a Cronbach’s Alpha of .91, which 
could not be improved by removing any items. Deactivation showed a Cronbach’s Alpha of .84, which 
could be slightly improved by removing PATA (.836 becomes .841). However, to 2 decimal places, 
results are the same therefore it is accepted that PATA remains on Deactivation, as with this the 
Cronbach’s Alpha is at an acceptable level of .84. Negative Tension showed a low Cronbach’s Alpha of 
.57, recommending all items remain on the scale. Sublimity, when Peacefulness was included, had a 
Cronbach’s Alpha of .76. However, if Peacefulness is removed, the Cronbach’s Alpha improves to .85. 
This further supports the decision to characterise Sublimity with Wonder and Transcendence alone, 
leaving Peacefulness to be included within Deactivation. Scales show high reliability, excluding 
Negative Tension.  
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Table 6.39 
 
Loadings for each emotion onto a four-factor REFA solution, using quartimin rotation. 
 
 REFA 
 Factor 1 Factor 2 Factor 3 Factor 4 
Wonder -.02 .00 .00 .87 
Transcendence -.20 .05 -.18 .71 
Power - .90 -.20 -.04 -.04 
Tenderness -.15 - .69 .21 .21 
Nostalgia -.15 - .66 .29 .22 
Peacefulness .13 - .57 .24 .47 
Joyful Activation - .85 -.13 -.09 .18 
Sadness .20 - .58 -.24 .07 
Tension .13 -.06 - .71 .22 
SAMP .77 -.15 -.16 .05 
SAMA .68 -.29 .30 -.09 
SAMD - .82 .13 .14 .03 
PATP -.30 .25 .57 .05 
PATA -.10 .80 .13 .26 
PATT -.16 .15 -.87 -.05 
Variance explained 23.58% 16.63% 13.46% 11.60% 
Note. Significant loadings are shown in bold. 
 
 
6.4.6 Personality 
Analyses were run to explore the relationship to personality, given the strong link in the literature 
between personality and musical preferences. Correlations between the BFI and BIS-BAS measures of 
personality and each dimension of the respective emotion measures were calculated in order to 
identify potential covariates for inclusion in 5-way ANCOVAs. There were very few significant 
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correlations and those personality variables that were significantly correlated explained less than 10% 
of the variance in the emotion measures. Consequently, it was decided not to include personality 
covariates in any of the analyses and it was assumed personality was not related to emotional 
responses in the current study.  
 
 
6.5 DISCUSSION 
6.5.1 Aim 1: The Influence of Genre Preference 
Results showed that as genre preference increases, so do positive emotional responses.  In contrast 
disliked genres elicited high arousal and tension. These patterns of responding were particularly 
apparent for self-selected songs. Felt responses to music were stronger and more pleasurable than 
perceived responses for genres that were liked, but weaker than perceived responses for disliked 
genres, which were characterised by an arousal-wakefulness. Overall results suggest genre 
preference, a form of liking, elicits strong pleasurable emotions, with tension only felt in response to 
disliked genres, as an indicator of displeasure. However, when perceiving emotions to disliked music 
an attentiveness is indicated, representing high arousal states and strong joy and power as generic 
responses to music, irrespective of preference to the genre. Therefore, results supported hypothesis 
one to a certain extent, which hypothesised preferred genres would elicit stronger emotional 
responses, followed by disliked genres. Disliked genres only elicited stronger emotional responses for 
tension or perceived ratings, whereas moderately preferred genres generally elicited stronger 
emotions compared to disliked genres. What this hypothesis failed to differentiate was the distinction 
between types of emotional response. Previous research had focused on the relationship between 
personality and genre preference, with genre preference as the dependent variable. However, using 
genre preference as the independent variable to assess the influence of genre preference on 
emotional response to music had not received much attention, therefore was one aim of the current 
study. It was hypothesised preferred and least preferred genres would elicit strong emotional 
responses, with moderately preferred genres not eliciting a strong emotional response. In the absence 
of previous literature testing this, it seemed intuitive that strong preferences, whether positive or 
negative, would induce a strong emotional response, with moderate preferences eliciting a weaker 
emotional response due to the measured nature of moderate preference. What the study therefore 
found was that a positive genre preference elicited a positive emotional response, increasing as 
preference increased, and also a strong negative response as a measure of dislike. Results therefore 
show the importance of measuring the strength of specific emotions, rather than measuring liking. 
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Therefore, measuring liking is not analogous to measuring strong emotional response, further 
discussed below.  
 
Meyer’s (1956) and Huron’s (2006) theories of music-evoked emotion explain why genre preferences 
(or musical preferences generally) are an important factor in strength of music-evoked emotion. A 
particular genre that is well-known to an individual means the musical rules of that particular genre 
are well-known and understood to the individual. Therefore, similar to the differences in strength of 
response between musicians and non-musicians presented in the general introduction, if someone is 
familiar with a genre the set-up, violation and resolution of the musical rules will be more salient to 
them and therefore elicit a stronger emotional response. This explains why it is musical preference, 
rather than specific types of music, that determine strong emotional responses to music. 
Understanding someone’s individual ‘musical culture’ from their preferences is important if trying to 
induce an emotional response. This point potentially explains why studies comparing types of music 
fail to find or replicate effects (Ferreira et al., 2015; Burns et al., 1999).  
 
6.5.2 Aim 2: The Influence of Song Familiarity 
Song familiarity also showed a linear trend, with positive emotional responses strengthening as song 
familiarity increased, particularly for felt responses and for self-selected songs. Responses are 
generally more pleasurable as familiarity increases, whereas arousal and tension increase as songs 
become unfamiliar. Felt responses to music were stronger and more pleasurable than perceived 
responses for familiar songs, but weaker than perceived responses for unfamiliar songs, which were 
characterised by an arousal-wakefulness. Tension is perceived in music, rather than experienced, 
when there is some existing relationship to the music, as denoted by familiarity. In contrast, when 
music is unfamiliar there is an attention to the music as denoted by perceived wakefulness, which is 
experienced as tension and high arousal, depending on the emotion measure. Overall results suggest 
familiar songs elicit strong pleasurable, arousing emotions, with tension only felt in response to 
unfamiliar music, as a marker of displeasure. Familiarity is also important to perceived ratings of 
emotions in music, but unfamiliar music can also elicit strong perceived ratings, whereas emotions are 
not strongly felt to unfamiliar music. Hypothesis two was therefore supported, with results 
demonstrating that familiar songs produced a stronger felt emotional response, supporting previous 
literature (Krugman, 1943; Van den Bosch et al., 2013; North & Hargreaves, 1995). However, this study 
extends that literature by finding support for familiarity directly influencing strength of emotional 
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response, as opposed to liking. Further, this study demonstrates that familiarity is a stronger influence 
on music-evoked emotion, compared to genre preference, and a linear trend is robust for participant-
selected songs. This study extends previous work by demonstrating interactions between familiarity 
and other factors on emotional response. 
 
Results support Krugman’s (1943) work suggesting familiarity influences emotional response, which 
then builds preference for the music or the genre as a whole, therefore forging a link between 
familiarity and genre preference. The current results contrasted to previous literature (Schellenberg, 
Peretz & Viellard, 2008) which has found oversaturation effects with increasing familiarity, when 
familiarity to a song was created within the experiment by repeated exposure in a focused listening 
condition. However, Schellenberg et al. (2008) were concerned with perceived emotions it appears, 
rather than felt responses explicitly. The current study found contrasting results potentially by utilising 
gradated, pre-existing levels of familiarity in a focused listening condition and by examining effects of 
gradated familiarity on strength and profile of emotional response, as opposed to the impact of 
familiarity on preference or liking. The current results, along with previous literature, would suggest 
that self-created song familiarity leads to strong, positive emotional responses, but forced familiarity, 
as created by radio playlists, could lead to an inverted u-shaped curve of positive emotional responses, 
which more closely matched results for researcher-selected songs and perceived emotion ratings.  
 
6.5.3 Aim 3: The Influence of Song Selector 
Self-selected songs elicited significantly stronger positive and pleasurable emotions generally, 
compared to researcher-selected songs. However, this pattern was more pronounced for specific 
emotions, such as power, joy and transcendence, whereas tenderness did not always follow this 
pattern, along with sadness and tension.  Therefore, hypothesis three was in part supported, showing 
self-selected music elicits stronger emotions. However, it also seems to elicit qualitatively different 
emotional responses in certain instances, therefore hypothesis three was not fully supported. The 
strength of specific emotions to self-selected versus researcher-selected songs was influenced by the 
level of genre preference and song familiarity. Specifically, song selector seemed to only be important 
for pleasurable felt emotional responses and only when songs are most familiar from a preferred 
genre. In contrast, researcher-selected songs elicited stronger emotion ratings for disliked genres or 
unfamiliar songs, and in particular for perceived emotions. Findings support the use of both self-
selected songs in the literature and researcher selected songs. To guarantee a very strong pleasurable 
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emotional response, such is the case in chills research (Grewe et al., 2007; Grewe et al., 2009), the 
decision in previous research to use participant-selected music seems wise. This supports a 
subjectivity account for the strongest, most pleasurable emotional responses to music. In contrast, 
findings from the current study also support the use of researcher-selected music in previous work, 
and demonstrate the validity of validated musical stimuli sets (Eerola & Vuoskoski, 2011) with 
averaged emotional response ratings, supporting a universal account of music-evoked emotion. The 
relevance of the current study findings to the literature are paramount, as the first study to directly 
test the difference between emotion ratings based on song selector, demonstrating song selector is 
only important for the most familiar, liked songs when the strongest pleasurable emotional response 
is desired. In cases where stimuli consistency across participants is required, strong emotional 
responses can still be elicited, as demonstrated by the music induction procedure literature (MIP; 
Vastjfall, 2002). 
 
6.5.4 Aim 4: Distinction Between Felt and Perceived Responses to Music 
Beyond the differences already presented relating to felt versus perceived emotional responses, 
perceived emotion ratings were generally stronger than felt ratings, eliciting stronger arousal ratings 
specifically. Results suggest felt responses are differentiated along the valence dimension, whereas 
perceived ratings are differentiated along both valence and arousal dimensions. This, combined with 
contrasting results across measures relating to arousal, suggests people are proficient at 
differentiating along the valence dimension, and can recognise varying arousal levels in external 
stimuli but are much poorer at distinguishing varying arousal levels within their felt emotional 
experience. This point will be revisited briefly throughout the thesis as data continuously supports 
this, but will not be discussed in-depth until the general discussion. Patterns of results also suggest 
perceived ratings of emotion in music are consistently strong irrespective of macro musical factors, 
but these factors do influence felt emotional response. If someone wants to elicit strong emotion 
ratings to novel music, particularly from a disliked genre, they should measure emotions perceived in 
the music. Results therefore further support a subjectivity account to the strongest music-evoked 
emotions, but an underlying universality to musical emotions. Hypothesis four was therefore partially 
supported. These results also explain some of the inconsistent findings in the literature, suggesting 
previous work perhaps measures perceived emotion in the music more often than is intended. Results 
from the GEMS, as compared to the dimensional models (see aim 6 discussion below), also suggest 
listeners may entangle emotions perceived in the music with music-evoked emotion, presumably via 
emotional contagion. This demonstrates one potential difficulty in separately testing some of the 
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mechanisms of the BRECVEMA (Juslin, 2013a) model, and may explain why experiments specifically 
testing the model are limited in the literature. It also explains why previous work often fails to clearly 
state whether perceived or felt emotions to music have been measured. However, what the current 
study does demonstrate is the need for better designed and defined studies in the music and emotion 
literature, with more clarity explaining intentions and what was measured in published work.  
 
For both genre preference and familiarity, perceived ratings were stronger than felt ratings for disliked 
and unfamiliar songs. This demonstrates when something is disliked or unfamiliar, music-evoked 
emotion is not elicited, with the exception of tension which serves as a marker of 
displeasure/discomfort, rather than in response to the music per se. This goes someway to address a 
lack of distinction in the literature raised in the introduction, where preference or liking is often 
conflated with strong emotional response. The current study suggests liking is analogous to a generic 
positive emotional response, largely positive valence/pleasure, but cannot be used as a measure of 
strength of emotional response, as dislike/displeasure elicits strong emotions, albeit of tension. 
Further, measuring preference/liking rather than emotional response would miss the specificity of 
emotional response patterns, whether this was measured categorically or dimensionally. Therefore, 
future work should clearly explain and justify whether it is measuring preference or emotional 
response and appropriately distinguish between the two. 
 
Schubert (2013) reviewed 16 studies comparing emotions felt and perceived in the music and 
concluded perceived emotions are stronger than felt emotions to music. He also found perceived and 
felt emotions are similar when music is self-selected and preferred, but dissimilar when chosen by a 
researcher and disliked. Liljeström, Juslin and Västfjäll (2013) also found that self-selected music 
elicited stronger emotions compared to randomly sampled music. Salimpoor et al. (2009) compared 
self-selected to experimenter-selected and found not only a smaller GAEL for self-selected songs, but 
also a stronger emotional response. It is not possible to infer whether this is because self-selected 
songs are more preferred, or due to some other factor. This is why the current study adds to the 
literature, as it directly tested this. 
 
Subsequent to the time at which the current study was conducted, there has been a move within the 
literature to measure both felt and perceived responses to music utilising both a categorical and 
dimensional model (Komosinski & Mensfelt, 2016; Song et al., 2016). However these studies use less 
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naturalistic musical stimuli and only researcher-selected music, compared to the current study, and 
fail to ascertain as specific and comprehensive findings as in the current study as to what factors 
influence music-evoked emotion.  Therefore the current study is still novel in its approach. 
 
6.5.5 Aim 5: Interaction Between the Factors 
The previous discussion demonstrates that macro musical factors interact, supporting hypothesis five. 
Results suggest song familiarity is a stronger factor influencing strength of emotional response 
compared to genre preference, when effect sizes and consistency of interaction effects across 
measures are considered.  Similarly, self selection of songs is important if a very strong felt emotional 
response is desired, and if songs are very familiar and from liked genres. Perceived ratings are less 
influenced by familiarity and genre preference, but these factors still play a part in perceived emotion 
ratings. Similarly, whilst felt emotional responses to music are less consistent for researcher-selected 
music, the factors of familiarity and, to a lesser extent, genre preference are still important.  
 
What is important to recognise is that some emotions are strongly elicited to music, such as power 
and joy, irrespective of these factors. Conversely some emotions are weakly elicited, irrespective of 
these factors, such as sadness and tension. Therefore, to guarantee a strong emotional response, 
certain decisions about song selection criteria should be made. Further, these decisions should be 
based on the type of emotional response that is required, as these factors influence both strength as 
well as profile of emotional response. Overall results suggest song familiarity, genre preference and 
song selector are only relevant for eliciting very strong, pleasurable responses, and are less important 
for perceived ratings or moderate emotional responses. Therefore, these factors should be considered 
for research where music is used to induce mood, or where a strong emotional response is needed.  
Findings also demonstrate why mixed results are present in the literature, as studies rarely consider 
familiarity, genre preference and song selector as influencing factors that interact. Future work should 
ensure these factors are considered together, by either controlling for confounding effects in design 
or testing the factors concurrently, as in the current study. There is more work needed that does this, 
as the interaction of the factors in the current study appear to contradict Schubert’s (2010) findings. 
Contrasting results could be due to study design. Schubert (2010) used emotional response as a 
predictor of preference, using a predictive model approach, whereas the current study used 
preference as the independent variable and emotional response as a dependent variable, and utilised 
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an experimental design. More work is needed that tests multiple macro musical factors 
simultaneously.  
 
Previous work provides support for current findings. Neuroimaging evidence shows neural activation 
only to familiar or preferred music (Moore, 2013) lending neuroscientific support to the behavioural 
results found in the current study. Schubert’s (2013) review also suggests a tendency for felt response 
to be distinguished along the dimension of valence. However, felt emotions were sometimes 
experienced more strongly than perceived emotions (Schubert 2013), and this was related to valence, 
specifically for sadness and tension (negative activation). This supports findings in the current study 
of the co-occurrence of sadness and tension. Becknell et al. (2008) showed muscle tension decreased 
in a second listening session compared to a first, showing physiological support of unfamiliar and 
disliked music eliciting tension, which reduces as familiarity increases. This provides physiological 
support for current study findings.  
 
Iwanaga et al. (2005) found as music was listened to repeatedly, excitative music decreased in tense 
subjective ratings and increased subjective relaxation. This supports notions that as music becomes 
familiar and liked, tension reduces, as tension is a marker of unfamiliarity. Previous research has also 
found physiological responses to be influenced by genre preference or interest, rather than the genre 
itself (Becknell et al., 2008). Genre preference therefore determines arousal levels, rather than the 
genre itself, explaining the current findings of disliked genres eliciting tension, irrespective of the 
genre. Jiang, Rickson and Jiang (2016) found music reduced stress (tension and anxiety), with 
preference/liking of the music the most important factor, rather than familiarity or the 
arousal/valence classification of the music itself. This contrasts to the current study where familiarity 
was deemed more important. However, this could be explained by familiarity being inextricable from 
song selector and using genre preference in the current study, rather than song preference. 
Nevertheless, results from previous studies support the importance of factors such as preference and 
familiarity over and above the music itself, and that music preference appears to be the dominant 
factor relating to tense responses to music. 
 
It was presented in the introduction that emotional responses potentially result from familiarity with 
musical conventions, enabling expectation and reward to be created. Findings support familiarity 
creating pleasurable responses to music, which create preferences. These preferences are then 
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reinforced by repeated plays, increasing familiarity, or listening to novel music from within a liked 
genre. Therefore, interaction of factors in this study and the resulting eliciting emotional responses 
lend support to the ideas discussed in the introduction of the theoretical reasons for these factors to 
interact, as a result of sociocultural musical background. Future work should test these ideas more 
fully, as Konecni (2009) has done, and should also attempt to identify how this reinforcement takes 
place over time. Stalinski and Schellenberg (2013) suggest listeners like music they remember and 
remember music they like, demonstrating a feedback process of reinforcement of remembering 
music, liking it, playing it more and reinforcing this relationship between familiarity and preference, 
which seems to then impact on emotional response. More work is needed to ascertain why this 
process sometimes leads to oversaturation effects and in other instances leads to increasing 
preference, familiarity and strong, positive emotional responses.  
 
The influence of sociocultural musicological experience means the same music is ‘heard’ differently as 
a result of experience and preferences, explaining the pattern of results showing disliked genres and 
unfamiliar songs elicit strong unpleasant, tense feelings. If this pattern of results was observed for 
genre alone, it could be argued that genres were disliked because they elicited negative feelings. 
However, as this pattern was also observed for unfamiliar songs, it suggests it is the combination of 
musical context (disliked genre) and experience (novelty) that elicits feelings of discomfort. The 
specific music and musical characteristics do not elicit tension, instead the context of a disliked genre 
and an unfamiliar song elicit tension. What is a familiar, preferred song for one listener, evoking strong 
positive feelings, is a disliked, unfamiliar song for another listener, evoking strong negative feelings. 
This supports previous findings that individuals perceive, process and respond to the same musical 
stimulus differently. This suggests a lack of universality to music-evoked emotion. On the other hand, 
the consistent pattern of linear trends of factors influencing emotional response in the current study 
suggest there is a universality to music-evoked emotion, nuanced by factors such as genre preference 
and familiarity. In addition, the differing results of song selector for most preferred genres and most 
familiar songs gives credence to the argument of subjectivity of music-evoked emotion. Therefore, 
the argument of universality (Vuoskoski & Eerola, 2012) versus subjectivity (Scherer & Zentner, 2001; 
Höller et al., 2012) is not clear cut. Instead it seems there is a general universality to music-evoked 
emotion, mediated by various factors such as preference, familiarity and compositional techniques 
(Gabrielsson, 2010). However, there is an aspect of subjectivity to emotional response to specific 
musical stimuli, nuanced by context and experience. Schäfer and Sedlmeier (2010) suggest personality 
robustly correlated with music preference in general, but do not explain enough variability in 
individual differences in music preference, particularly not at the level of one piece preferred to 
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another, nor the tendency to listen to music of differing and diverse genres. Therefore, general 
features can elicit an emotional response across listeners, but to elicit the strongest response possible, 
individuals must be considered as individuals.  
 
6.5.6 Aim 6: Relationship of Emotional Response to Emotion Theory 
Hypothesis six was supported, showing findings were differentiated by emotion model, as briefly 
discussed in places above regarding felt arousal compared to perceived arousal. Results also showed 
emotions were strongly perceived in the music, irrespective of genre preference or familiarity. This 
potentially explains why the linear trends of genre preference and familiarity were maintained on the 
GEMS for perceived emotional responses, but not on dimensional models. The GEMS was developed 
specifically in a musical context, therefore measures musical emotion, rather than emotional 
responses generally. Results potentially suggest the development of the GEMS captured musical 
emotions, as Zentner et al. (2008) proposed, but did not distinguish between felt and perceived 
emotional responses to music. In contrast, the dimensional measures used in the current study were 
developed for felt emotional responses, not in a musical context, therefore better measure 
experienced emotional responses distinct from perceived emotions. This explains why the trends of 
the musical factors do not hold on these measures for perceived ratings.  
 
The current study found four factors underpinning the emotion measures: two related to activation, 
distinguishing positive activation from deactivation. A third factor of negative tension was found, with 
a fourth factor of sublimity. Interestingly, when looking at these underlying patterns responses were 
categorised and differentiated predominantly by arousal, with valence only relevant in the high 
arousal space. This is in contrast to the findings resulting from the specific measures that showed 
emotional response differentiated along the valence dimension, as mentioned earlier. This interesting 
pattern of results will be discussed in more depth elsewhere, but potentially alludes to a distinction 
between somatic physiological markers of a change in arousal state cueing a cognitive appraisal based 
on valence that is constructed as a subjective sense of emotion based on context. Therefore, the 
subjective experience of emotion is differentiated along the valence dimension, but at a non-
conscious level is an experience distinguished by arousal. This may also be influenced by a difficulty 
identifying low arousal states, particularly in an age of chronic stress. This is discussed further in the 
general discussion.  
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Results also suggested using the PAT was more beneficial than the SAM. This was because the PAT 
distinguishes two types of arousal, a negatively valenced arousal dimension and a neutral-positive 
arousal dimension, lending support to the importance of measuring a three-factor arousal model 
(Gray, 1967; Arnett & Newman, 2000). Results from the factor analysis, in contrast, suggest the SAM 
arousal dimension is overly biased towards positively valenced arousal, therefore could not clearly 
distinguish the different influences of the factors in the current study in comparison to the PAT. 
However, the SAM is prevalent in the literature due to its lack of semantic influence and quick delivery. 
Future work should consider the use of the SAM by considering the potential bias towards positive 
valence. Results also suggest the GEMS is more useful than dimensional models for capturing different 
emotional profiles of responses, but also shows a positive valence bias and presents a level of nuance 
that is not always helpful. The value of the different measures will be discussed in more depth in the 
general discussion, but results in the current study, particularly from the factor analysis, lend support 
to a dimensional model of emotion. This type of model achieves a clearer and more parsimonious 
description of the emotional responses, and categorical measures collapse down into distinct 
dimensions. However, the GEMS does appear to measure emotions of a specific class, named 
sublimity in this study, which Zentner et al. (2008) claim are specific to music-evoked emotion. 
Measurement will be discussed in more depth in chapter ten.  
 
 
6.6 LIMITATIONS: 
This study had several limitations. The large number of measures and the length of the study duration 
for each participant may have influenced results due to fatigue and carry over effects, although 
counterbalancing and randomisation should have addressed this.  
Main effects on dimensional measures are generally difficult to interpret, as distinct dimensions are 
collapsed together. Future work should consider the utility of reporting main effects on dimensional 
measures. Alternatively, a simple 2D emotion space, with two separate measures of arousal and 
valence treated separately in analyses, may be more useful.  
It is important to note that self-selected songs were rated significantly more familiar than researcher-
selected songs when testing the manipulation, so some caution is needed in interpretation, as 
different responses based on song selector could in fact be resulting from familiarity levels.  
Results for GENRE were consistently affected by low power for strength of emotional response. One 
explanation for this could be the variability in genre preference, the different genres used and people’s 
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different conceptions of each genre led to a lot of noise in the data. The breadth of music that is 
included within one genre category was something commented on by participants. In particular, one 
participant from a different culture had conceptualized singer/songwriter when rating their genre 
preferences differently to how it is meant in iTunes and the music industry. In future it is important to 
consider a large sample size to ensure necessary power when experimenting with genre. Further, 
using genre categorization is potentially unhelpful as the variability within a genre and across 
participants in terms of understanding may influence results. Any inconsistencies in results could be 
due to the diversity of music that may be categorised under a single genre label. Future work is needed 
to ascertain whether people categorise music in terms of genres, or whether this is an artefact of the 
commercial industry and does not relate to an individual’s psychological classification of music. 
The current study found no relationship between genre preference and personality, in contrast to 
well-established findings in the literature (Rentfrow & Gosling, 2003; Ladinig & Schellenberg, 2012). 
In previous studies individual genres are examined in relation to preference and personality. In the 
current study genres were not differentiated, only genre preference. Therefore, the same genre would 
have been perceived differently by each listener, as a result of experience and existing preferences 
and familiarity. Consequently, the influence of personality was confounded. 
One potential criticism in this study and then the subsequent studies is the use of music both with and 
without lyrics, therefore not controlling for the presence of lyrics in the musical excerpts. There are 
mixed findings in the literature relating to the influence of lyrics in music to affective response, 
although the consensus is the music influences mood more than the lyrics (Lundqvist et al., 2009). 
Stratton and Zalanowski (1994) concluded that lyrics impact mood more than the music/melody. In 
contrast, Sosou (1997) and Ali and Peynircioğlu (2006) concluded the music influences emotional 
response more than the lyrics and Konĕcni (1984) showed most listeners are unaware of what lyrics 
are about in pop music. Further, Ali (2004) finds the presence of lyrics in music has no difference on 
emotional responses for men, but women have more intense emotional responses to music without 
lyrics than to the same music with lyrics. Research shows these mixed findings may result from 
evidence that lyrics enhance the emotional responses to music for the negatively valenced side of the 
emotion space, whereas the presence of lyrics dampens emotional responses to music on the 
positively valenced side of the emotion space (Ali, 2004; Ali & Peynircioğlu, 2006; Brattico et al., 2011; 
Stratton & Zalanowski, 1994). However, Serafine and colleagues present convincing work (Serafine, 
1984; Serafine, Crowder & Repp, 1984; Serafine, Davidson, Crowder & Repp, 1986) demonstrating an 
inextricable relationship between music and lyrics, supporting the integration hypothesis (Crowder, 
Serafine & Repp, 1990). This hypothesis suggests a piece of music written with lyrics must be 
experienced with both the music and lyrics together, rather than separately, to elicit a genuine 
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response. In the current work, most of the songs selected contained lyrics. Some of the songs selected 
did not contain lyrics, however no participant selected music solely without lyrics. Further, the current 
work showed positive emotions were experienced more often and more strongly than negative 
emotions. Therefore, given that for positive emotions the presence of lyrics dampens the response, 
the results in the current work can be seen as underestimating the positive emotional response if 
anything, which is not viewed as problematic. Given the samples were largely female, and music with 
lyrics leads to dampened positive responses in women, again the current work potentially presents an 
underestimation of results, again not seen as problematic. If the contents/musical properties of music, 
or the perception of music, and how these influence emotional responses was of interest in the thesis, 
controlling for the presence of lyrics would have been important. However, as the aim of the current 
work was to focus on the emotional responses itself, rather than how the musical properties 
influenced that emotional response, the lack of control of music with or without lyrics in the current 
work was not deemed problematic. Further, other published work uses music with and without lyrics 
within a single study (Alluri et al., 2013; Brattico et al., 2011; Särkämö et al., 2008) and studies using 
experience sampling methods do not control for the presence or absence of lyrics, therefore including 
music with and without lyrics within each study was acceptable, and it was more important to 
represent everyday music listening and use exemplars representing the macro musical factors, than 
constrain participant choices of music selection.  
The sample size in the current study could be deemed too small therefore rendering the study 
underpowered. However, the large effect sizes and consistent pattern of results throughout the 
analyses challenges the study as underpowered. Further, the sample size in the current study was 
similar to other studies examining similar musical factors, such as genre and familiarity. These 
comparative studies show similar effect sizes, some slightly smaller and some larger, therefore the 
current study is viewed comparative and with a sufficient sample size. Further, whilst some of the 
other studies have larger sample sizes, these used a between-subjects design, therefore showing not 
dissimilar numbers in each group to the sample size in the current study, and in many cases showing 
fewer participants in each group than in the current condition. For example, studies investigating 
genre and musical emotions include Alluri et al. (2013), with eleven participants in one group and 
twelve in the other, Richards et al. (2008) had six participants, Ballard et al. (1999) had one hundred 
and sixty participants, but only twenty in each condition group, Walworth (2003) had three groups 
with thirty participants in each group and Dillman Carpentier and Potter (2007) had twenty five 
participants, randomly assigned to one of six between-subjects conditions, exploring tempo and genre 
on emotional responses. Balgoun et al. (2013) had sixty participants and Hunter and Schellenberg  
(2011) had seventy-nine participants. For studies examining familiarity, again the current study had 
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an adequate sample in comparison, with more participants compared to some studies and fewer in 
comparison to other studies examining familiarity. For example, Plailly et al. (2007) had thirteen 
students in their study, Daltrozzo et al. (2010) had twenty-two participants, Stalinski and Schellenberg 
(2013) had fifty-five participants, although these were randomly assigned to one of two conditions 
meaning less in each group than in the current study, Schubert (2007) had sixty-five participants, 
twenty-eight in one condition, which is less than in the current study, and thirty-seven in the other 
condition. However, Ladinig and Schellenberg (2012) had sixty-one participants in their study. 
Therefore, as always, more participants in the current study would have been desirable, but given the 
length of the current study (two hours), the sample size was deemed suitable against other published 
work examining similar factors, with similar effect sizes. 
 
 
6.7 SUMMARY 
Self-reported, felt valence is more influenced by musical factors compared to arousal. Power and joy 
are strongly felt in response to music, overriding factors of familiarity and genre preference. Pleasure 
is experienced in relation to music, whereas sadness and tension are rarely felt in response to music, 
but are often perceived in music, although tension is felt as an indicator of displeasure to disliked, 
unfamiliar music. To answer the overall question of what is emotional music, the overall findings 
suggest to elicit the strongest response, an individual should self-select very familiar songs from a 
preferred genre.  
 
Results suggest that song selector is only a factor for music from the most preferred genres and for 
most familiar songs, where an individual picks more emotive songs compared to a third party. This 
suggests that something else is at work when songs are most familiar and most preferred for self-
selected songs. One explanation could be personal associations to music. The BRECVEMA model 
(Juslin, 2013a) posits personal associations to music as a key factor in eliciting emotion. This study did 
not account for how personal associations were linked to song familiarity and genre preference and 
could potentially explain the results of song selector only being important for differentiating strong 
emotional response for the most familiar songs from preferred genres. Stalinksi and Schellenberg’s 
(2013) work potentially explains why there could be a salience to music that has personal associations, 
with a particular piece associated with a particular memory, which is then rehearsed and reinforced. 
This would explain why the most preferred and familiar songs elicit stronger feelings for self-selected 
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music compared to a third party selecting equivalent songs. Schubert (2013) strongly posits the role 
of memory in music-evoked emotion, particularly to explain mixed emotions. Further work to examine 
the influence of autobiographical memory on music-evoked emotion, over and above the influence of 
genre preference and familiarity, is necessary. Therefore, that was the aim of the second study.  
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7. CHAPTER SEVEN: STUDY TWO: “REMEMBERING TO FEEL”: THE INFLUENCE OF PERSONAL 
ASSOCIATIONS TO MUSIC ON MUSIC-EVOKED EMOTION 
 
7.1 OVERVIEW 
Findings from study one suggested genre preference and familiarity consistently influence musical 
emotion across listeners, irrespective of song selector. However, self-selected songs that were most 
familiar and from the most preferred genres elicited stronger emotional responses compared to 
researcher-selected songs. Personal associations were suggested as a potential explanation for this 
subjectivity of music-evoked emotion. Therefore, the current study will assess whether holding an 
autobiographical memory to a particular piece influences the emotional response when compared to 
a song without an autobiographical memory.  
 
STUDY TWO: “Remembering to Feel”: The Influence of Personal Associations to Music on Music-
Evoked Emotion 
 
7.2 INTRODUCTION 
Music’s ability to stimulate cognitive ability, such as otherwise inaccessible memories (Sacks, 2008), 
has ensured music is often a tool used to study memory (Janata, Tomic & Rakowski, 2007) and mood-
congruence learning (Knight, Maines & Robinson, 2002). More pertinent to the current study is 
research where music is used as tool to study long-term memory, often episodic, or more specifically 
autobiographical memory. Autobiographical memories are a particular class of episodic memory that 
encapsulate personal events relating to the self and play a part in developing self-identity and self-
concept. Music has been used as a cue to elicit autobiographical memories (Cady, Harris & 
Knappenberger, 2008), often studied comparatively to other cue modalities (Herz, 2004).  
Neuroimaging evidence suggests musical associations are stored in a similar neural network to smell 
(Plailly, Tillmann & Royet, 2007), thus explaining music’s efficacy as a trigger of autobiographical 
memory. This has been particularly fruitful in the study of patients suffering memory problems where 
music facilitates a level of memory functioning not otherwise available (Sacks, 2008; Cavaco, Feinstein, 
van Twillert & Tranel, 2012; Deason, Simmons-Stern, Frustace, Ally & Budson, 2012). Various research 
demonstrates music’s ability to facilitate long-term, autobiographical memory retrieval when this 
cognitive faculty has otherwise diminished, as seen with dementia (El Haj, Fasotti & Allain, 2012) and 
brain injury (Baird & Samson, 2014).  
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More recently the relationship between music and memory has been examined with a different focus, 
one that considers music beyond its function as merely a cue or method to study autobiographical 
memory. Research has begun to investigate how memory for music impacts musical preferences and 
familiarity (Hemming, 2013; McAuley, Stevens & Humphreys, 2004). Korenman and Peynircioğlu 
(2004) examined how a feeling-of-knowing in relation to music impacts familiarity and in turn 
facilitates learning. Stalinski and Schellenberg (2013) suggested listeners remember music they like 
and like music they remember, positing that musical preference and memory are inextricably linked. 
This is supported by theoretical models in the area of music and emotion. Juslin et al.’s (2008) 
BRECVEM model of musical emotion, theorises that episodic memory is a key factor for musical 
emotion, commonly self-reported as a cause of music-evoked emotion. Scherer’s (2001) cognitive-
appraisal model also places personal memory as a key determinant of emotional response to music. 
These all lend support to the interpretation of study one findings. 
 
A further line of study is how and why music is strongly associated to autobiographical memory and 
self-concept. Lippman and Greenwood (2012) suggest certain music is used by adolescents to facilitate 
self-reflection, coping with transitions and to elicit positive memories, selecting music that mirrors 
their experience and reduces feelings of aloneness. Standley (2008) suggests musical memories are 
formed and therefore cued by emotional context and this strong association between music, memory 
and emotion is one explanation for the prevalence of associations between music and 
autobiographical memory (El Haj, Postal & Allain, 2012; Janata, 2009). It is also a fact that music is 
prevalent in society, particularly now with technology, and is often a key part of group, and often 
emotional, events, such as parties, weddings, funerals. Therefore, music may be incidental to 
emotional contexts, and then become encoded with the memory, becoming a cue to the emotional 
memory. A further explanation could relate to music as a sociocultural representation, helping to 
shape, define and understand identity and life-stage, as discussed in chapter one. Therefore, music, 
often accompanied by social signalling through fashion, activities and as a way to facilitate group 
bonding, becomes strongly associated to particular events or life periods, further reinforced by 
emotional contexts as discussed above. This would further explain the link between memory, 
preference and music.  
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What the field is lacking, are studies directly assessing what impact holding a personal association to 
a piece of music has on emotional response to that piece. In other words, what impact does having an 
autobiographical memory associated with a particular piece of music have on emotional response to 
the music, over and above other factors identified in study one? Research has examined the effect of 
music on memory and the link between music and memory, but examining the effect of memory on 
musical emotion has been largely limited to specific emotions, rather than all emotions 
simultaneously. Research posits music’s ability to elicit positive emotions (El Haj, Postal & Allain, 2012; 
Lippman & Greenwood, 2012) as the basis of strong associations between autobiographical memory 
and music. Janata, Tomic and Rakowski (2007) conducted a study showing 30% of sourced popular 
songs elicited autobiographical memories, with primarily positive emotions felt strongly, and both 
specific and generic memories elicited. They found nostalgia was the third most commonly evoked 
emotion. Baumgartner (1992) examined memories associated with music, although participants did 
not actually listen to the music, they simply thought about a personal experience which they 
associated with a single piece of music whilst answering questions. 84% of the recalled experiences 
were positively valenced, with great variation between the pieces of music cited. Results showed 
support for using Russell’s (1980) circumplex model, and also showed the emotional tone attributed 
to the music resulted from the emotional content of the memory. It was suggested the emotion of the 
music matched the emotion of the memory, suggesting associations built at the time of encoding 
result from synonymous emotional salience of the experience and the music. Studies investigating the 
relationship between memory and specific emotions have focused on sadness and nostalgia. Barrett, 
Grimm, Robins, Wildschut, Sedikides and Janata (2010) used music to study nostalgia, demonstrating 
strength of nostalgia was related to how autobiographically salient, arousing and familiar a piece was, 
with nostalgia characterised by joy and sadness. Vuoskoski and Eerola (2012) investigated whether 
sad music really induces sadness. They identified sadness was induced in listeners when music was 
self-selected and associated with autobiographical memories, impacting emotion-related memory 
and judgement. These studies have begun a field of research examining the relationship between 
autobiographical memory, music and emotional response. However, studies tend to focus either on 
specific emotions rather than a range of emotions, the content of memories or are concerned with 
establishing a link between autobiographical memories and emotions.  
 
The current study assumes autobiographical memories are held to music, which in part elicits 
emotions, and is instead primarily concerned with directly examining what impact these memories 
have on emotional response to music, when controlling for the factors identified in study one.  
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 7.2.1 STUDY AIMS AND HYPOTHESES 
The current study will address the following questions:  
• What impact does holding an autobiographical memory to music have on emotional 
response? 
• Do songs with associated emotional memories elicit stronger emotions compared to matched 
songs based on emotion quadrant? 
 
Hypothesis 1: Songs with associated emotional memories will elicit stronger emotions compared to 
songs without memories, over and above other factors 
Hypothesis 2: Songs with associated emotional memories will elicit stronger emotions compared to 
songs matched from the same emotion quadrant 
 
7.3 METHOD 
7.3.1 Participants 
Participants (N=54, female=41; MAge=31.13, SD=13.47, age range:18-67) were recruited via email from 
undergraduate (N=14) and postgraduate students (N=12) at the University of Surrey and recruited 
from the general public (N=28) using email, Gumtree and Freecycle. Participants had normal hearing 
and self-identified as ‘liking listening to music’. This study received a favourable ethical opinion from 
the University of Surrey Ethics Committee.  
 
7.3.2 Materials 
The following materials were used, and were the same as in study one. Please refer to study one 
materials section for more details: 
Two measures of self-reported emotion were used: one categorical and one dimensional. Whilst study 
one concluded the PAT was preferable, the SAM was chosen due to length and avoidance of verbal 
reporting. 
Geneva Emotions to Music Scale (GEMS-9); see study one. 
Self Assessment Manikin (SAM); see study one. 
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Each track was rated for liking and familiarity on a scale of 1-5 (Appendix I).  
Musical background, personality and state affect were also collected, but were not the focus of the 
present hypotheses and analyses, and again showed no relationship to responses, so are not reported 
in detail here.  
Participants were asked to select four songs to represent each quadrant of a 2-dimensional emotion 
model, with orthogonal dimensions of valence and arousal: one song they associated with a joyful 
memory, one associated to a tender memory, one associated to a sad memory and one associated 
with a tense memory (Appendix J). Using a single exemplar for each type of desired autobiographical 
memory is an approach often used in autobiographical memory research (Maguire, 2001; Levine et 
al., 2002; Baumgartner, 1992) as well as by Schubert (2007), using single exemplars of 80-90 seconds 
of music to stimulate a broad range of emotions. Single exemplars were therefore deemed 
appropriate in this study as the focus of the study was on what happened to emotional response to 
music when a memory is present, as compared to a memory not being present, rather than the effect 
of musical characteristics. To guarantee a strong memory was elicited, rather than lots of weaker 
memories, a single exemplar was self-selected by participants. The experimenter then selected a 
further four genre-matched songs, to control for genre preference effects, from other participants’ 
selections. These four songs served as exemplars of music not associated to a memory for each 
emotion quadrant. The use of eight exemplars was necessary to ensure each emotion quadrant was 
represented by a strong exemplar associated to a memory and an exemplar not associated with a 
memory, balanced against experiment duration to minimise demands on participant time and fatigue 
effects. Playlists of eight songs were created on Spotify for each participant. Music was selected from 
all types of genre as categorised by iTunes genre classifications, and most contained lyrics. Some 
participants selected the same song as another participant, but generally music selections were 
different across participants. The matched songs were from another participant’s song selections and 
were usually played to multiple participants as that particular genre and emotion quadrant exemplar, 
introducing some stimuli control across participants for the matched songs. 
 
7.3.3 Experimental Design and Procedure 
The design was a 2x4 repeated-measures design. There were two factors: MEMORY (2 levels: song with 
a self-declared memory; song without self-declared memory); EMOTION (4 levels: happy; tender; sad; 
tense). GEMS-9 scores and SAM scores were measured as the dependent variables for each song 
during music listening.  
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Participants were asked to select their songs by email and send them to the experimenter, who 
selected the matched songs based on genre, all in advance of the listening session.  
 
Music was played using Spotify, through the speakers of an Apple laptop. Distance to the computer 
and volume level were matched across participants. The distance was not measured but instead 
marked with tape to ensure it was the same across all participants, as the experimental set-up and 
equipment  in the lab was not changed for the duration of data collection. Volume level was set at 
maximum for all participants to ensure consistency. The sound level was checked before data 
collection began to ensure the maximum level complied with Health and Safety listening volume 
levels, although actual volume was not recorded. When the participant attended the listening 
session they completed a demographic questionnaire, two personality measures and a self-report 
state emotion measure (POMS), after giving written informed consent. Participants then listened to 
the first two minutes of each of the eight songs, whilst completing emotion measures and ratings of 
preference and familiarity for each. Completing emotion ratings during music listening is an 
established method within the literature (Juslin et al., 2008; Nagel et al., 2007) and follows the 
approach used in study one for consistency. The order of the presented measures was randomised 
across participants to minimise any order effects on emotional responses. Following the two-minute 
music listening, a tone indicated the start of two minutes of silence, during which participants wrote 
any autobiographical memories and rated these on visual analogue scales. A second tone indicated 
the end of two minutes. Participants were instructed to stop writing and complete the rating scales 
if they were still writing. Time spent writing was recorded. Five seconds of random white noise was 
played between songs to limit carry-over effects across songs. Song orders were randomised across 
participants.  
 
7.4 RESULTS 
Some participants recalled memories for the matched, researcher-selected songs. For this reason, it 
was decided only to include those participants who had songs with an intended emotional memory 
compared to matched songs with no memory at all. Songs were matched in terms of genre to control 
for the factor of genre preference. In order to preserve participant numbers when comparing 
participants that had songs with memories compared to songs without memories, each quadrant of 
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the emotion space was analysed separately (See Table 7.1). The full analyses which include and 
compare all emotion quadrants within a single analysis can be found in the Appendix K. 
 
 
 
 
 
 
 
 
 
 
 
 
 
As mentioned, these were run separately to preserve sample size once matched songs that 
unexpectedly elicited a memory had been removed. 
 
Four 2x9 repeated-measures ANOVAs were run. One for Happy songs, one for Tender songs, one for 
Sad songs and one for Tense songs, all run with two factors: MEMORY (Emotional memory; No 
memory); GEMS (Wonder; Transcendence; Power; Tenderness; Nostalgia; Peacefulness; Joyful 
Activation; Sadness; Tension).  
 
Mauchly’s test of sphericity was violated for all effects involving the GEMS factor (excluding the 
interaction effect MEMORY*GEMS for happy and sad songs), therefore for these the Greenhouse-
Geisser correction was applied. Sidak Pairwise comparisons were used as the post-hoc tests, which 
adjust for multiple comparisons in the way they are computed.  
 
In addition, four 2x3 repeated-measures ANOVAs were run. One for Happy songs, one for Tender 
songs, one for Sad songs and one for Tense songs, all run with two factors: MEMORY (Emotional 
Table 7.1 
 
Table showing sample sizes for each analysis. 
 
Emotion 
quadrant 
Overall analysis 
(N) 
Memory vs no 
memory match 
(N) 
Emotion match 
(N) 
Happy 54 15 28 
Tender 54 23 28 
Sad 54 23 24 
Tense 54 20 32 
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memory; No memory); SAM (Pleasure; Arousal; Dominance). Mauchly’s test of sphericity was not 
violated for any effects. Results from both emotion measure analyses are presented concurrently.  
 
7.4.1. Aim 1: What Impact Does Holding an Autobiographical Memory to Music have on Emotional 
Response? 
 
7.4.1.1: Happy Songs (N=15)  
When analysing the GEMS data, there was a significant main effect of MEMORY, F(1, 14)= 22.75, 
p<.001, ηp2 = .62, power=0.99. Sidak pairwise comparisons showed songs associated with happy 
memories (M=2.83, 95% CI Lower= 2.47, 95% CI Upper= 3.19) elicited stronger emotional responses 
compared to songs with no associated memories (M=1.95, 95% CI Lower= 1.65, 95% CI Upper= 2.25). 
 
Similarly, for the SAM analysis there was a significant main effect of MEMORY, F(1, 14)= 44.49, p<.001, 
ηp2 = .76, power=1.00. Sidak pairwise comparisons showed songs associated with happy memories 
(M=1.69, 95% CI Lower = 1.17, 95% CI Upper = 2.21) elicited stronger emotional responses compared 
to songs with no associated memories (M=4.53, 95% CI Lower = 3.72, 95% CI Upper = 5.35, p<.001). 
 
There was a significant main effect of GEMS, F(3.92, 54.89)= 11.44, p<.001, ηp2 = .45, power=1.00. 
Sidak pairwise comparisons showed sadness (M=1.23, 95% CI Lower= 0.98, 95% CI Upper= 1.49) was 
elicited significantly less than all other emotions, except transcendence and tension. Tension (M=1.40, 
95% CI Lower= 1.12, 95% CI Upper= 1.68) was elicited significantly less than wonder, power, nostalgia 
and joy (Table 7.2 and Figure 7.1).  
 
There was a significant main effect of SAM, F(2, 28)= 5.65, p=.009, ηp2 = .29, power= .82. Sidak pairwise 
comparisons showed that, as would be expected, pleasure (M=2.43, 95% CI Lower = 1.96, 95% CI 
Upper = 2.91) was felt significantly more than arousal (M=3.73, 95% CI Lower = 2.87, 95% CI Upper = 
4.60, p=.012), but not dominance (M=3.17, 95% CI Lower = 2.48, 95% CI Upper = 3.86, p=.14). There 
was also no significant difference between dominance ratings and arousal ratings (p=.52).  
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Table 7.2 
 
Estimated marginal  means, CIs and significance levels from Sidak pairwise comparisons for main effect of GEMS for 
happy songs, comparing ratings for each GEMS-9 emotion category to each other 
 
 Mean 
(95% CI 
Lower, 
95% CI 
Upper) 
Won Tran Pow Tend Nos Peac Joy Sad Tens 
Won 2.67 
(2.08, 
3.26) 
- n/s n/s n/s n/s n/s n/s p=.013
* 
p=.008** 
Tran 2.27 
(1.65, 
2.89) 
n/s - n/s n/s n/s n/s n/s n/s n/s 
Pow 3.00 
(2.41, 
3.59) 
n/s n/s - n/s n/s n/s n/s p=.002
** 
p=.001*** 
Tend 2.47 
(1.96, 
2.97) 
n/s n/s n/s - n/s n/s n/s p=.001
*** 
n/s 
Nos 2.73 
(2.19, 
3.28) 
n/s n/s n/s n/s - n/s n/s p=.004
** 
p=.012* 
Peac 2.30 
(1.74, 
2.86) 
n/s n/s n/s n/s n/s - n/s p=.013
* 
n/s 
Joy 3.43 
(3.04, 
3.82) 
n/s n/s n/s n/s n/s n/s - p<.001
*** 
p<.001*** 
Sad 1.23 
(0.98, 
1.49) 
p=.013
* 
n/s p=.002** p=.001**
* 
p=.004** p=.013
* 
P<.001
*** 
- n/s 
Tens 1.40 
(1.12, 
1.68) 
p=.008
** 
n/s p=.001*** n/s p=.012* n/s P<.001
*** 
n/s - 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Won = Wonder; Tran = Transcendence; Pow = power; Tend = Tenderness; Nos = Nostalgia; Peac = Peacefulness; Joy = 
Joyful Activation; Sad = Sadness; Tens = Tension 
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Taken together, results suggest happy songs are denoted by positive valence more strongly than by 
arousal. 
 
 
 
There was a significant interaction effect of MEMORY*GEMS, F(8,112)= 6.25, p<.001, ηp2 = .31, 
power=1.00. Sidak pairwise comparisons showed songs with associated happy memories elicited 
stronger emotional responses compared to matched songs for feelings of joyful activation, power, 
nostalgia and wonder (Table 7.3).  
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When examining the estimated marginal means in order of strength (Table 7.4) it is clear that what 
differentiates songs with associated happy memories to songs without happy memories is the 
prominence of feelings of power and nostalgia together with greater joyful activation overall. 
Moreover, for songs without associated happy memories, there were no significant differences 
between any GEMS-9 emotions, whereas for songs with an associated happy memory, joyful 
activation, power, nostalgia and wonder were felt significantly more than tension. These same 
emotions, along with tenderness, were felt significantly more strongly compared to sadness, and 
joyful activation was also felt significantly more strongly than feelings of transcendence. In summary, 
results showed songs with associated happy memories had a different profile of emotional response 
compared to songs with no associated memories (Figure 7.2).  
 
 
 
 
Table 7.3 
 
Means (CIs) emotion ratings for each GEMS-9 emotion for songs with associated happy 
memories versus songs without memories, as a result of Sidak pairwise comparisons for the 
interaction effect MEMORY*GEMS 
 
GEMS-9 Emotion Memory song No Memory song Sig 
Wonder 3.27 (2.42, 4.12)  2.07 (1.46, 2.68) p=.012* 
Transcendence 2.47 (1.66, 3.27) 2.07 (1.42, 2.71) n/s 
Power 4.00 (3.25, 4.76) 2.00 (1.34, 2.66) p<.001*** 
Tenderness 2.87 (1.96, 3.78) 2.07 (1.53, 2.60) n/s 
Nostalgia 3.60 (2.72, 4.48) 1.87 (1.32, 2.42) p=.002** 
Peacefulness 2.53 (1.62, 3.44)  2.07 (1.46, 2.68) n/s 
Joyful Activation 4.47 (4.06, 4.88) 2.40 (1.78, 3.02) p<.001*** 
Sadness 1.00 (1.00, 1.00) 1.47 (0.96, 1.97) n/s 
Tension 1.27 (0.82, 1.71) 1.53 (1.07, 2.00) n/s 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
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Interestingly, there was no significant interaction effect of MEMORY*SAM, F(2, 28)= 2.32, p=.12, ηp2 
= .14, power= 0.43. This suggests the emotional profile of happy songs on a circumplex model is the 
same for songs with an associated happy memory and songs with no associated memory. More 
specifically, whether a song has an associated happy memory or not, happy songs elicit strong positive 
valence, with comparatively weaker levels of arousal and dominance reported.  
Table 7.4 
 
Comparison of GEMS-9 emotional response profile for songs with associated happy memories and for songs without memories, as 
a result of Sidak pairwise comparisons for the interaction effect MEMORY*GEMS 
 
 Mean (95% CI 
Lower, 95% CI 
Upper) 
Won Tran Pow Tend Nos Peac Joy Sad Tens 
Songs with memory 
Joyful Activation 4.47 (4.06, 4.88) n/s p=.033 n/s n/s n/s n/s - p<.001 p<.001 
Power 4.00 (3.25, 4.76) n/s n/s - n/s n/s n/s n/s p<.001 p<.001 
Nostalgia 3.60 (2.72, 4.48) n/s n/s n/s n/s - n/s n/s p=.001 p=.007 
Wonder 3.27 (2.42, 4.12) - n/s n/s n/s n/s n/s n/s p=.002 p=.012 
Tenderness 2.87 (1.96, 3.78) n/s n/s n/s - n/s n/s n/s p=.021 n/s 
Peacefulness 2.53 (1.62, 3.44) n/s n/s n/s n/s n/s - n/s n/s n/s 
Transcendence 2.47 (1.66, 3.27) n/s - n/s n/s n/s n/s p=.033 n/s n/s 
Tension 1.27 (0.82, 1.71) p=.012 n/s p<.001 n/s p=.007 n/s p<.001 n/s - 
Sadness 1.00 (1.00, 1.00) p=.002 n/s p<.001 p=.021 p=.001 n/s p<.001 - n/s 
Matched songs 
Joyful Activation 2.40 (1.78, 3.02) n/s n/s n/s n/s n/s n/s n/s - n/s n/s 
Tenderness 2.07 (1.53, 2.60) n/s n/s n/s - n/s n/s n/s n/s n/s 
Wonder 2.07 (1.46, 2.68) - n/s n/s n/s n/s n/s n/s n/s n/s 
Peacefulness 2.07 (1.46, 2.68) n/s n/s n/s n/s n/s - n/s n/s n/s 
Transcendence 2.07 (1.42, 2.71) n/s - n/s n/s n/s n/s n/s n/s n/s 
Power 2.00 (1.34, 2.66) n/s n/s - n/s n/s n/s n/s n/s n/s 
Nostalgia 1.87 (1.32, 2.42) n/s n/s n/s n/s - n/s n/s n/s n/s 
Tension 1.53 (1.07, 2.00) n/s n/s n/s n/s n/s n/s n/s n/s - 
Sadness 1.47 (0.96, 1.97) n/s n/s n/s n/s n/s n/s n/s - n/s 
Won = Wonder; Tran = Transcendence; Pow = power; Tend = Tenderness; Nos = Nostalgia; Peac = Peacefulness; Joy = 
Joyful Activation; Sad = Sadness; Tens = Tension 
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These findings support the GEMS findings, which showed a prominence of positively valenced 
emotions elicited compared to negatively valenced emotions.  
 
 
 
 
 
7.4.1.2 Tender Songs (N=23) 
For the GEMS analysis, there was a significant main effect of MEMORY, F(1, 22)= 34.90, p<.001, ηp2 = 
.61, power=1.00. Sidak pairwise comparisons showed songs with associated memories (M=3.29, 95% 
CI Lower= 3.02, 95% CI Upper= 3.55 ) elicited stronger emotional response compared to songs without 
associated memories (M=2.15, 95% CI Lower= 1.79, 95% CI Upper= 2.50). 
 
Similarly with the SAM analysis there was a significant main effect of MEMORY, F(1, 22)= 61.05, 
p<.001, ηp2 = .74, power=1.00. Sidak pairwise comparisons showed songs with associated memories 
(M=3.12, 95% CI Lower = 2.48, 95% CI Upper = 3.75) elicited a significantly stronger emotional 
response compared to songs without associated memories (M=5.36, 95% CI Lower = 4.86, 95% CI 
Upper = 5.87, p<.001). 
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There was a significant main effect of GEMS, F(3.98,87.60)= 18.38, p<.001, ηp2 = .46, power=1.00 
(Figure 7.3). Sidak pairwise comparisons (Table 7.5) showed sadness and tension were elicited 
significantly less than other emotions, with tenderness and nostalgia elicited very strongly.  
 
 
 
Table 7.5 
 
Adjusted means (CIs) and significance levels from Sidak pairwise comparisons for the main effect of GEMS-9 for 
tender songs, comparing emotion ratings for each GEMS-9 emotion category to each other 
 Mean 
(95% CI 
Lower, 
95% CI 
Upper) 
Won Tran Pow Tend Nos Peac Joy Sad Tens 
Won 2.91 
(2.52, 
3.30) 
- n/s n/s n/s n/s n/s n/s p=.020
* 
p<.001
*** 
Tran 2.63 
(2.14, 
3.12) 
n/s - n/s p=.029
* 
p=.052 n/s n/s n/s p=.001
*** 
Pow 2.70 
(2.29, 
3.11) 
n/s n/s - p=.011
* 
n/s n/s n/s n/s p<.001
*** 
Tend 3.48 
(3.18, 
3.77) 
n/s p=.029
* 
p=.011
* 
- n/s n/s n/s p<.001
*** 
p<.001
*** 
Nos 3.50 
(3.17, 
3.83) 
n/s p=.052 n/s n/s - n/s n/s p<.001
*** 
p<.001
*** 
Peac 3.20 
(2.78, 
3.61) 
n/s n/s n/s n/s n/s - n/s p=.004
** 
p<.001
*** 
Joy 2.65 
(2.21, 
3.10) 
n/s n/s n/s n/s n/s n/s - n/s p<.001
*** 
Sad 2.04 
(1.55, 
2.54) 
p=.020* n/s n/s p<.001
*** 
p<.001
*** 
p=.004
** 
n/s - n/s 
Tens 1.33 
(1.09, 
1.57) 
p<.001*** p=.001
*** 
p<.001
*** 
p<.001
*** 
p<.001
*** 
p<.001
*** 
p<.001
*** 
n/s - 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Won = Wonder; Tran = Transcendence; Pow = power; Tend = Tenderness; Nos = Nostalgia; Peac = Peacefulness; Joy = 
Joyful Activation; Sad = Sadness; Tens = Tension 
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These results align with results from the SAM. There was a significant main effect of SAM, F(2, 44)= 
8.27, p=.001, ηp2 = .27, power=0.95. Sidak pairwise comparisons showed participants felt significantly 
less arousal (M=5.13, 95% CI Lower= 4.30, 95% CI Upper= 5.96) compared to pleasure (M=3.78, 95% 
CI Lower= 3.19, 95% CI Upper= 4.37, p=.019) and dominance (M=3.80, 95% CI Lower= 3.25, 95% CI 
Upper= 4.36, p=.007). There was no significant difference between pleasure and dominance ratings 
for tender songs.  
 
Results show tender songs are characterised by positive valence and feelings of being in control, with 
low arousal levels, mirroring the GEMS effect of strong feelings of tenderness, nostalgia and 
peacefulness, all feelings characterised by positive valence and low arousal.  
 
There was a significant interaction effect of MEMORY*GEMS, F(4.75,104.54)= 6.99, p<.001, ηp2 = .24, 
power=1.00. Sidak pairwise comparisons (Table 7.6) showed songs with associated tender memories 
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elicited stronger emotional responses compared to songs without memories for all emotions except 
sadness and tension.  
 
 
 
 
Table 7.7 and Figure 7.4 suggested the profile of emotional response for songs with an associated 
tender memory is similar, simply stronger, to songs without associated memories, with the exception 
of nostalgia, tenderness, sadness and tension. However, as with the happy songs, for songs without 
associated tender memories, there were no significant differences between GEMS-9 emotions, except 
for significantly more peacefulness elicited compared to tension. In contrast, for songs with an 
associated tender memory, all emotions were elicited significantly more strongly compared to 
tension, except in the case of sadness. Nostalgia, tenderness, peacefulness and wonder were felt 
significantly more than sadness. Nostalgia and tenderness were felt significantly more strongly 
compared to power, with nostalgia also felt more strongly than transcendence and tenderness felt 
more strongly than joyful activation. In summary, songs with associated tender memories elicit certain 
emotions more strongly compared to others, namely nostalgia and tenderness, along with 
Table 7.6 
 
Means for each GEMS-9 emotion for songs with associated tender memories versus songs 
without memories, as a result of Sidak pairwise comparisons for the interaction effect 
MEMORY*GEMS 
 
GEMS-9 Emotion Memory song No Memory song Sig 
Wonder 3.74 (3.25, 4.23) 2.09 (1.54, 2.64) p<.001*** 
Transcendence 3.26 (2.66, 3.86) 2.00 (1.50, 2.51) p<.001*** 
Power 3.30 (2.69, 3.92) 2.09 (1.60, 2.57) p=.003** 
Tenderness 4.39 (4.03, 4.75) 2.57 (1.93, 3.20) p<.001*** 
Nostalgia 4.48 (4.16, 4.79) 2.52 (1.83, 3.21) p<.001*** 
Peacefulness 3.83 (3.28, 4.37) 2.57 (2.05, 3.08) p=.001** 
Joyful Activation 3.30 (2.70, 3.91) 2.00 (1.48, 2.52) p=.001** 
Sadness 2.04 (1.45, 2.63) 2.04 (1.44, 2.65) n/s 
Tension 1.22 (0.99, 1.44) 1.44 (1.07, 1.80) n/s 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
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peacefulness and wonder to a certain extent. Songs without memories were not distinguished by a 
certain emotional profile, although show strong feelings of peacefulness. Results showed songs with 
associated tender memories had a different profile of emotional response compared to songs with no 
associated memories, albeit quantitatively rather than qualitatively different in the main. Of note is 
there was no difference for songs with or without memories in terms of strength of sadness or tension. 
Results suggest tender songs with associated memories elicit more nostalgia and tenderness, but 
emotional profiles were similar to songs without memories, except for levels of sadness and tension.  
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Table 7.7 
 
Comparison of GEMS-9 emotional response profile for songs with associated tender memories and for songs without memories, as a 
result of Sidak pairwise comparisons for the interaction effect MEMORY*GEMS for tender songs, showing estimated marginal means, Cis 
and significance levels, ordered with largest mean first down to smallest mean 
 
 Mean 
(95% 
CI 
Lower, 
95% CI 
Upper) 
Won Tran Pow Tend Nos Peac Joy Sad Tens 
Songs with memory 
Nos 4.48 
(4.16, 
4.79) 
n/s p=.019* p=.021* n/s - n/s n/s p<.001*** p<.001*** 
Tend 4.39 
(4.03, 
4.75) 
n/s n/s p=.007** - n/s n/s p=.023* p<.001*** p<.001*** 
Peac 3.83 
(3.28, 
4.37) 
n/s n/s n/s n/s n/s - n/s p=.004** p<.001*** 
Won 3.74 
(3.25, 
4.23) 
- n/s n/s n/s n/s n/s n/s p=.002** p<.001*** 
Joy 3.30 
(2.70, 
3.91) 
n/s n/s n/s p=.023* n/s n/s - n/s p<.001*** 
Pow 3.30 
(2.69, 
3.92) 
n/s n/s - p=.007** p=.021* n/s n/s n/s p<.001*** 
Tran 3.26 
(2.66, 
3.86) 
n/s - n/s n/s p=.019* n/s n/s n/s p<.001*** 
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Sad 2.04 
(1.45, 
2.63) 
p=.002** n/s n/s p<.001*** p<.001*** p=.004** n/s - n/s 
Tens 1.22 
(0.99, 
1.44) 
p<.001*** p<.001*** p<.001*** p<.001*** p<.001*** p<.001*** p<.001*** n/s - 
Matched songs 
Peac 2.57 
(2.05, 
3.08) 
n/s n/s n/s n/s n/s - n/s n/s p=.022* 
Tend 2.57 
(1.93, 
3.20) 
n/s n/s n/s - n/s n/s n/s n/s n/s 
Nos 2.52 
(1.83, 
3.21) 
n/s n/s n/s n/s - n/s n/s n/s n/s 
Pow 2.09 
(1.60, 
2.57) 
n/s n/s - n/s n/s n/s n/s n/s n/s 
Won 2.09 
(1.54, 
2.64) 
- n/s n/s n/s n/s n/s n/s n/s n/s 
Sad 2.04 
(1.44, 
2.65) 
n/s n/s n/s n/s n/s n/s n/s - n/s 
Trans 2.00 
(1.50, 
2.51) 
n/s - n/s n/s n/s n/s n/s n/s n/s 
Joy 2.00 
(1.48, 
2.52) 
n/s n/s n/s n/s n/s n/s - n/s n/s 
Tens 1.44 
(1.07, 
1.80) 
n/s n/s n/s n/s n/s p=.022* n/s n/s - 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
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Won = Wonder; Tran = Transcendence; Pow = power; Tend = Tenderness; Nos = Nostalgia; Peac = Peacefulness; Joy = 
Joyful Activation; Sad = Sadness; Tens = Tension 
 
 
 
  
These results were supported by results from the SAM analysis, which showed there was no significant 
interaction effect of MEMORY*SAM, F(2, 44)= 0.40, p=.67, ηp2 = .018, power=0.11. This suggests the 
emotional profile of tender songs is the same for songs with an associated memory and tender songs 
with no memory associated. Songs without associated memories elicit low arousal, with neutral 
valence and dominance, whereas songs with associated tender memories elicit positive valence, 
feelings of being in control and moderately high arousal.  
 
 
 
 
Taken together, results suggest songs with an associated tender memory elicit a similar emotional 
profile to matched songs, with quantitative differences. This suggests songs are compositionally 
tender, therefore paired with a tender memory due to the nature of the song, rather than developing 
a tender memory altering the emotional response to a song. Songs are characterised by positive 
valence as a distinguishing feature, with lower arousal levels, as would be expected. Nostalgia and 
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tenderness are prominent when a tender memory is held for a song, with low levels of sadness and 
tension, emotions which are negatively valenced. 
 
 
7.4.1.3 Sad Songs (N=23) 
The GEMS analysis showed there was a significant main effect of MEMORY, F(1, 22)= 28.51, p<.001, 
ηp2 = .56, power=1.00. Sidak pairwise comparisons showed songs with associated memories (M=2.87, 
95% CI Lower= 2.60, 95% CI Upper= 3.15) elicited stronger emotional response compared to songs 
without associated memories (M=2.10, 95% CI Lower= 1.77, 95% CI Upper= 2.43).  
Results from the SAM analysis further demonstrated this effect. There was a significant main effect of 
MEMORY, F(1, 22)= 8.07, p=.010, ηp2 = .27, power=.78. Sidak pairwise comparisons showed songs with 
associated memories (M=6.16, 95% CI Lower = 5.54, 95% CI Upper = 6.78) elicited a significantly 
stronger emotional response compared to songs without associated memories (M=5.13, 95% CI Lower 
= 4.52, 95% CI Upper = 5.75), that were rated more neutral.  
 
There was a significant main effect of GEMS, F(4.20, 92.46)= 10.73, p<.001, ηp2 = .33, power=1.00 
(Figure 7.5). Sidak pairwise comparisons (Table 7.8) showed songs with associated sad memories 
elicited significantly stronger feelings of sadness compared to high arousal feelings, such as power, joy 
and tension, although also significantly stronger compared to peacefulness, which would be thought 
of as a low arousal emotion. Tension and joyful activation were elicited weakly comparative to 
positive, low arousal emotions such as wonder, tenderness and nostalgia. As would be expected 
sadness was felt most strongly. Results suggest sad songs elicit strong feelings of sadness, which is 
distinct from songs from other emotion quadrants that elicit weak feelings of sadness. Sad songs elicit 
feelings that are characterised by low arousal, with surprisingly mixed valence, although the dominant 
feeling of sadness is a negatively valenced emotion. 
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Table 7.8 
 
Adjusted means (Cis) and significance levels from Sidak pairwise comparisons for the main effect of GEMS-9 for sad 
songs, comparing each of the GEMS-9 emotion categories to each other 
 
 Mean 
(95% CI 
Lower, 
95% CI 
Upper) 
Won Tran Pow Tend Nos Peac Joy Sad Tens 
Won 2.83 
(2.34, 
3.31) 
- n/s n/s n/s n/s n/s p=.012
* 
n/s n/s 
Tran 2.63 
(2.11, 
3.15) 
n/s - n/s n/s n/s n/s n/s n/s n/s 
Pow 2.20 
(1.76, 
2.64) 
n/s n/s - n/s n/s n/s n/s p=.010
** 
n/s 
Tend 2.96 
(2.49, 
3.43) 
n/s n/s n/s - n/s n/s p=.001
*** 
n/s p=.020* 
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Nos 2.89 
(2.48, 
3.30) 
n/s n/s n/s n/s - n/s p<.001
*** 
n/s p=.014* 
Peac 2.28 
(1.79, 
2.77) 
n/s n/s n/s n/s n/s - n/s p=.024
* 
n/s 
Joy 1.54 
(1.22, 
1.87) 
p=.012* n/s n/s p=.001
*** 
p<.001
*** 
n/s - p<.001
*** 
n/s 
Sad 3.28 
(2.93, 
3.63) 
n/s n/s p=.010
** 
n/s n/s p=.024
* 
p<.001
*** 
- p<.001**
* 
Tens 1.78 
(1.42, 
2.15) 
p=.032* n/s n/s p=.020
* 
p=.014
* 
n/s n/s p<.001 
*** 
- 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Won = Wonder; Tran = Transcendence; Pow = power; Tend = Tenderness; Nos = Nostalgia; Peac = Peacefulness; Joy 
= Joyful Activation; Sad = Sadness; Tens = Tension 
 
 
 
 
SAM results support the GEMS results. There was a significant main effect of SAM, F(2, 44)= 5.21, 
p=.009, ηp2 = .19, power=0.80.  Sidak pairwise comparisons showed negative valence ratings (M=6.35, 
95% CI Lower = 5.82, 95% CI Upper = 6.88) were significantly different compared to arousal ratings 
(M=4.96, 95% CI Lower = 4.19, 95% CI Upper = 5.73, p=.002). However, there were no significant 
differences between pleasure and dominance (M=5.63, 95% CI Lower = 4.82, 95% CI Upper = 6.44) 
ratings and arousal and dominance ratings for sad songs. Arousal levels were around neutral, 
comparative to the GEMS result of sad songs eliciting feelings characterised by low arousal. 
 
There was a significant interaction effect of MEMORY*GEMS, F(8,176)= 13.18, p<.001, ηp2 = .38, 
power=1.00 (Figure 7.6). Sidak pairwise comparisons (Table 7.9) showed songs with associated sad 
memories elicited significantly stronger emotions compared to songs without memories for all 
emotions except power and peacefulness, where there was no significant difference. Interestingly, 
songs with associated sad memories elicited significantly less joy compared to songs without 
memories. Songs with associated sad memories elicited sadness significantly more strongly than all 
other emotions, excluding wonder, tenderness and nostalgia (Table 7.10). This again suggests songs 
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with associated sad memories elicit emotions that are characterised by low arousal, with negative to 
mixed valence prominent. This is compared to songs without memories that showed no significant 
differences between any emotions elicited. Results and examination of Figure 7.6 suggest songs with 
associated sad memories elicit a different profile of emotional response compared to songs without 
memories. This suggests there is something about holding a sad memory to a song that alters the 
emotional response to the music, rather than the music itself being compositionally sad. 
 
  
 
Table 7.9 
 
Estimated marginal means (CIs) for each GEMS-9 emotion for songs with associated 
sad memories versus songs without memories, as a result of Sidak pairwise 
comparisons for the interaction effect MEMORY*GEMS for sad songs  
 
GEMS-9 Emotion Memory song No Memory song Sig 
Wonder  3.48 (2.80, 4.15) 2.17 (1.68, 2.67) .001** 
Transcendence 3.22 (2.55, 3.88) 2.04 (1.53, 2.56) <.001*** 
Power 2.09 (1.55, 2.62) 2.30 (1.67, 2.94) n/s 
Tenderness  3.30 (2.73, 3.88) 2.61 (2.06, 3.16) .029* 
Nostalgia 3.70 (3.17, 4.22) 2.09 (1.66, 2.52) <.001*** 
Peacefulness 2.22 (1.62, 2.81) 2.35 (1.77, 2.93) n/s 
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Joyful Activation 1.26 (0.89, 1.64) 1.83 (1.38, 2.27) .029* 
Sadness 4.52 (4.16, 4.89) 2.04 (1.50, 2.59) <.001*** 
Tension  2.09 (1.62, 2.56) 1.48 (1.07, 1.89) .019* 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
 
 
 
SAM interaction effect results support the notion of a different profile of emotional response to songs 
with an associated sad memory compared to songs without memories. There was a significant 
interaction effect of MEMORY*SAM, F(2, 44)= 28.71, p<.001, ηp2 = .57, power=1.00 (Figure 7.7). Sidak 
pairwise comparisons (Table 7.11) showed songs with associated sad memories elicited significantly 
more negative valence, higher arousal and a lack of control compared to songs without memories. 
Interestingly this finding of moderate arousal felt in response to songs with associated sad memories 
is counter to GEMS results, which saw sad songs eliciting emotions comprised by low arousal. 
 
Table 7.10 
 
Comparison of GEMS-9 emotional response profile for songs with associated sad memories and for songs 
without memories, as a result of Sidak pairwise comparisons for the interaction effect MEMORY*GEMS for sad  
songs, comparing estimated marginal means (Cis) across each emotion category of the GEMS-9, ordered based 
on size of mean, from largest down to smallest 
 Mean (95% 
CI Lower, 
95% CI 
Upper) 
Won Tran Pow Tend Nos Peac Joy Sad Tens 
Songs with memory 
Sad 4.52 
(4.16,4.89) 
n/s p=.033
* 
p<.001
*** 
n/s n/s p<.001
*** 
p<.001
*** 
- p<.001
*** 
Nos 3.70 
(3.17,4.22) 
n/s n/s p=.011
* 
n/s - p=.006
** 
p<.001
*** 
n/s p=.009
** 
Won 3.48 
(2.80,4.15) 
- n/s n/s n/s n/s p=.005
** 
p=.001 n/s n/s 
Tend
  
3.30 
(2.73,3.88) 
n/s n/s p=.048
* 
- n/s n/s p<.001
*** 
n/s n/s 
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Tran
s 
3.22 
(2.55,3.88) 
n/s - n/s n/s n/s p=.030
* 
p=.004
** 
p=.033
* 
n/s 
Peac 2.22 
(1.62,2.81) 
p=.005
** 
p=.030
* 
n/s n/s p=.006
** 
- n/s p<.001
*** 
n/s 
Tens 2.09 
(1.62,2.56) 
n/s n/s n/s n/s p=.009
** 
n/s n/s p<.001
*** 
- 
Pow 2.09 
(1.55,2.62) 
n/s n/s - p=.048
* 
p=.011
* 
n/s n/s p<.001
*** 
n/s 
Joy 1.26 
(0.89,1.64) 
p=.001
** 
p=.004
** 
n/s p<.001
*** 
p<.001
*** 
n/s - p<.001
*** 
n/s 
Matched songs 
Tend 2.61 
(2.06,3.16) 
n/s n/s n/s - n/s n/s n/s n/s n/s 
Peac 2.35 
(1.77,2.93) 
n/s n/s n/s n/s n/s - n/s n/s n/s 
Pow 2.30 
(1.67,2.94) 
n/s n/s - n/s n/s n/s n/s n/s n/s 
Won 2.17 
(1.68,2.67) 
- n/s n/s n/s n/s n/s n/s n/s n/s 
Nos 2.09 
(1.66,2.52) 
n/s n/s n/s n/s - n/s n/s n/s n/s 
Tran 2.04 
(1.53,2.56) 
n/s - n/s n/s n/s n/s n/s n/s n/s 
Sad 2.04 
(1.50,2.59) 
n/s n/s n/s n/s n/s n/s n/s - n/s 
Joy 1.83 
(1.38,2.27) 
n/s n/s n/s n/s n/s n/s - n/s n/s 
Tens 1.48 
(1.07,1.89) 
n/s n/s n/s n/s n/s n/s n/s n/s - 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Won = Wonder; Tran = Transcendence; Pow = power; Tend = Tenderness; Nos = Nostalgia; Peac = Peacefulness; 
Joy = Joyful Activation; Sad = Sadness; Tens = Tension 
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Table 7.11    
    
Estimated marginal means (CIs) for each SAM dimension for songs with associated sad 
memories versus songs without memories, as a result of Sidak pairwise comparisons for the 
interaction effect MEMORY*SAM for sad songs 
 
SAM dimension Memory song 
Mean (95% CI Lower, 95% 
CI Upper) 
Matched song 
Mean (95% CI Lower, 95% 
CI Upper) 
Sig 
Pleasure 7.91 (7.303, 8.52) 4.78 (3.91, 5.66) p<.001*** 
Arousal 4.17 (3.28. 5.06) 5.74 (4.84, 6.64) p=.002** 
Dominance 6.39 (5.29, 7.50) 4.87 (3.98, 5.77) p=.014* 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
 
 
However, when examined another way (Table 7.12), Sidak pairwise comparisons showed no 
significant differences between dimensions for songs without associated memories, similar to the 
GEMS result. However, for songs with associated sad memories there were significant differences. 
These showed negative valence was felt significantly more strongly compared to arousal and feelings 
of dominance. Similarly, arousal levels were felt significantly more strongly compared to dominance 
ratings, showing feelings of a lack of control.   
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Table 7.12 
 
Comparison of SAM emotional response profile for songs with associated sad memories 
and for songs without memories, as a result of Sidak pairwise comparisons for the 
interaction effect MEMORY*SAM for sad songs 
 Mean (95% CI 
Lower, 95% CI 
Upper) 
Pleasure Arousal Dominance 
Songs with memory 
Pleasure 7.91 (7.303, 8.52) - p<.001*** p=.015* 
Dominance 6.39 (5.29, 7.50) p=.015* p=.007** - 
Arousal 4.17 (3.28. 5.06) p<.001*** - p=.007** 
Matched songs 
Arousal 5.74 (4.84, 6.64) n/s - n/s 
Dominance 4.87 (3.98, 5.77) n/s n/s - 
Pleasure 4.78 (3.91, 5.66) - n/s n/s 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
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Taken together, GEMS and SAM results suggest songs with associated sad memories elicit a 
qualitatively different emotional response profile compared to matched songs. Songs with sad 
memories elicit uniquely strong feelings of sadness, therefore negative valence. Interestingly findings 
from the GEMS suggest songs with sad memories elicit low arousal feelings, whereas SAM results 
suggest songs with sad memories elicit moderate arousal feelings along with a sense of lack of control. 
This potentially suggests discomfort at feeling sad, discussed in the discussion.  
 
 
7.4.1.4 Tense Songs (N=20) 
The GEMS analysis showed there was a significant main effect of MEMORY, F(1, 19)= 36.02, p<.001, 
ηp2 = .66, power=1.00. Sidak pairwise comparisons showed songs with self-declared memories 
(M=2.38, 95% CI Lower= 2.11, 95% CI Upper= 2.65) elicited significantly stronger emotional response 
compared to matched songs (M=1.66, 95% CI Lower= 1.39, 95% CI Upper= 1.93). 
Results from the SAM analysis further supported this result. There was a significant main effect of 
MEMORY, F(1, 19)= 5.14, p=.035, ηp2 = .21, power=.58. Sidak pairwise comparisons showed songs with 
self-declared memories (M=4.00, 95% CI Lower = 3.14, 95% CI Upper = 4.86) elicited stronger 
emotional response compared to matched songs (M=5.00, 95% CI Lower = 4.64, 95% CI Upper = 5.36).  
 
There was a significant main effect of GEMS, F(3.49,66.27)= 6.09, p=.001, ηp2 = .24, power=0.97 (Figure 
7.8). Sidak pairwise comparisons (Table 7.13) only showed differences between tension compared to 
other emotions. Tension was elicited significantly more strongly than wonder, tenderness, nostalgia 
and joyful activation. Tension was marginally significantly more strongly elicited compared to 
transcendence, sadness and peacefulness. Emotional response was generally quite weak with the 
exception of tension and power. This demonstrates tense songs are characterised by high arousal 
rather than by valence.  
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Table 7.13 
 
Adjusted means (Cis) and significance levels from Sidak pairwise comparisons for the main effect of GEMS-9 for 
tense songs, comparing each GEMS-9 emotion category to each other 
 
 Mean (95% CI 
Lower, 95% CI 
Upper) 
Won Tran Pow Tend Nos Peac Joy Sad Tens 
Won 1.65 (1.26, 2.05) - n/s n/s n/s n/s n/s n/s n/s p=.010
** 
Trans 1.88 (1.40, 2.35) n/s - n/s n/s n/s n/s n/s n/s . n/s 
Pow 2.40 (1.99, 2.81) n/s n/s - n/s n/s n/s n/s n/s n/s 
Tend 1.53 (1.13, 1.92) n/s n/s n/s - n/s n/s n/s n/s p=.004
** 
Nos 1.85 (1.41, 2.29) n/s n/s n/s n/s - n/s n/s n/s p=.049
* 
Peac 1.80 (1.32, 2.28) n/s n/s n/s n/s n/s - n/s n/s n/s 
Joy 2.08 (1.58, 2.57) n/s n/s n/s n/s n/s n/s - n/s p=.034
* 
Sad 1.88 (1.40, 2.35) n/s n/s n/s n/s n/s n/s n/s - n/s 
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Tens 3.13 (2.61, 3.64) p=.010
** 
n/s n/s p=.004
** 
p=.049
* 
n/s p=.034
* 
n/s - 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Won = Wonder; Tran = Transcendence; Pow = power; Tend = Tenderness; Nos = Nostalgia; Peac = Peacefulness; Joy 
= Joyful Activation; Sad = Sadness; Tens = Tension 
 
 
However, there was no significant main effect of SAM, F(2, 38)= 0.41, p=.668, ηp2 = .021, power=.11.  
 
There was a significant interaction effect of MEMORY*GEMS, F(3.67, 69.71)=2.98, p=.028, ηp2 = .14, 
power=0.74 (Figure 7.9). Sidak pairwise comparisons (Table 7.14) showed songs with associated tense 
memories elicited significantly stronger tension, power, sadness, nostalgia and wonder compared to 
songs without memories. 
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Table 7.14 
 
Means (CIs) for each GEMS-9 emotion comparing songs with associated tense 
memories versus songs without memories, as a result of Sidak pairwise comparisons 
for the interaction effect MEMORY*GEMS for tense songs 
 
GEMS-9 Emotion Memory song No Memory song Sig 
Wonder 1.95 (1.33, 2.57) 1.35 (1.04, 1.66) .042* 
Transcendence 2.25 (1.49, 3.01) 1.50 (1.08, 1.92) n/s 
Power 3.10 (2.36, 3.84) 1.70 (1.15, 2.25) .010* 
Tenderness 1.65 (1.12, 2.18) 1.40 (1.05, 1.75) n/s 
Nostalgia 2.30 (1.65, 2.95) 1.40 (1.08, 1.72) .002** 
Peacefulness 1.60 (1.09, 2.11) 2.00 (1.29, 2.71) n/s 
Joyful Activation 2.35 (1.63, 3.07) 1.80 (1.31, 2.29) n/s 
Sadness 2.30 (1.56, 3.05) 1.45 (1.10, 1.81) .018* 
Tension 3.90 (3.40, 4.40) 2.35 (1.62, 3.08) <.001*** 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
 
 
Interaction effects were then examined in another way using post-hoc tests, to investigate differences 
across emotions for songs with tense memories and then for songs without memories (Table 7.15). 
Sidak pairwise comparisons showed no significant differences between emotions for songs without 
associated memories, similar to results investigating songs from other emotion quadrants. Songs with 
associated tense memories showed tension was elicited significantly more strongly compared to 
wonder, tenderness, peacefulness and joyful activation. There were no other significant differences, 
although power was the second most strongly felt emotion. Results suggest no specific strong 
emotional profile distinguishes songs with associated tense memories except strong feelings of 
tension. Therefore, differences between songs with tense memories and songs without are 
quantitative in nature, suggesting there is something inherently tense about the music. Overall, tense 
songs show a tightly focused felt emotion profile with strong feelings of tension but less so other 
emotions. Further the elicitation of tension in response to music seems unique to songs with tense 
memories. Rather than matched songs being seen to evoke tension, results are interpreted as instead 
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as a failure to evoke other emotions comparative to songs from other emotion quadrants.  
 
Table 7.15 
 
Comparison of GEMS-9 emotional response profile for songs with associated tense memories and for songs without memories, as a result 
of Sidak pairwise comparisons for the interaction effect MEMORY*GEMS for tense songs, comparing estimated marginal means (Cis) and 
significance levels for each GEMS-9 emotion category to each other for songs with tense memories and songs without, ordered based on 
largest mean to smallest mean 
 
 Mean (95% CI Lower, 
95% CI Upper) 
Won Tran Pow Tend Nos Peac Joy Sad Tens 
Songs with memory 
Tensi 3.90 (3.40, 4.40) p=.010* n/s n/s p=.001** n/s p=.001** p=.013* n/s - 
Pow 3.10 (2.36, 3.84) n/s n/s - n/s n/s n/s n/s n/s n/s 
Joy 2.35 (1.63, 3.07) n/s n/s n/s n/s n/s n/s - n/s p=.013* 
Nos 2.30 (1.65, 2.95) n/s n/s n/s n/s - n/s n/s n/s n/s 
Sad 2.30 (1.56, 3.05) n/s n/s n/s n/s n/s n/s n/s - n/s 
Tran 2.25 (1.49, 3.01) n/s - n/s n/s n/s n/s n/s n/s n/s 
Won 1.95 (1.33, 2.57) - n/s n/s n/s n/s n/s n/s n/s p=.010* 
Tend 1.65 (1.12, 2.18) n/s n/s n/s - n/s n/s n/s n/s p=.001** 
Peace 1.60 (1.09, 2.11) n/s n/s n/s n/s n/s - n/s n/s p=.001** 
Matched songs 
Tens 2.35 (1.62, 3.08) n/s n/s n/s n/s n/s n/s n/s n/s - 
Peac 2.00 (1.29, 2.71) n/s n/s n/s n/s n/s - n/s n/s n/s 
Joy 1.80 (1.31, 2.29) n/s n/s n/s n/s n/s n/s - n/s n/s 
Pow 1.70 (1.15, 2.25) n/s n/s - n/s n/s n/s n/s n/s n/s 
Trans 1.50 (1.08, 1.92) n/s - n/s n/s n/s n/s n/s n/s n/s 
Sad 1.45 (1.10, 1.81) n/s n/s n/s n/s n/s n/s n/s - n/s 
Nos 1.40 (1.08, 1.72) n/s n/s n/s n/s - n/s n/s n/s n/s 
Tend 1.40 (1.05, 1.75) n/s n/s n/s - n/s n/s n/s n/s n/s 
Wo 1.35 (1.04, 1.66) - n/s n/s n/s n/s n/s n/s n/s n/s 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Won = Wonder; Tran = Transcendence; Pow = power; Tend = Tenderness; Nos = Nostalgia; Peac = Peacefulness; Joy = Joyful 
Activation; Sad = Sadness; Tens = Tension 
 
173 
 
This interpretation was supported by results from the SAM analysis. There was no significant 
interaction effect of MEMORY*SAM, F(2, 38)=1.12, p=.34, ηp2 = .056, power=0.23, suggesting no 
difference between songs with associated tense memories and songs without in the pattern of felt 
emotion. Therefore results show songs with associated memories strongly elicit tension comparative 
to songs without tense memories, when matched for genre preference.  
 
Overall results suggest holding an autobiographical memory to music elicits a stronger emotional 
response compared to songs without memories. As songs were matched for genre, this effect is over 
and above the effect of genre preference as identified in study one. To control for the effect of 
familiarity, as an identified factor from study one, familiarity ratings were included as a covariate. 
Results were inconclusive, therefore can be found in Appendix L. They are interpreted as familiarity 
lacks independence with the IVs. The discussion will theorise about the relationship between 
familiarity and memory encoding of music. To further answer the research question, results also 
showed the effect of holding a memory to music only enhances certain emotional responses, 
dependent upon emotional content of the memory. However holding a memory to a piece of music 
consistently elicited stronger nostalgia compared to songs without memories. When there was no 
memory to the music, there was no distinct emotional response.  
 
 
7.4.2 Aim 2: Do Songs with Associated Emotional Memories Elicit Stronger Emotions Compared 
to Matched Songs Based on Emotion Quadrant? 
It was hypothesised that when memory and non-memory songs were matched based on emotion 
quadrant, rather than genre, songs with associated memories would elicit stronger emotional 
responses compared to songs without memories. Further analyses were conducted to test this 
hypothesis. Songs were matched to ensure the matched song was from the same emotion quadrant 
as the song with an associated memory. For example, if a participant selected a song with an 
associated happy memory, the matched song held an associated happy memory for another 
participant. The purpose of this analysis was to examine whether any differences related to type of 
emotion, when holding an associated emotional memory to music, addressing research question two. 
In order to preserve participant numbers once memory versus non-memory songs were matched for 
emotion for each participant, each quadrant of the 2D emotion space was analysed separately, 
meaning separate analyses were run for each emotion quadrant, as follows.  
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Four 2x9 repeated-measures ANOVAs were run for the GEMS measure. One for Happy songs, one for 
Tender songs, one for Sad songs and one for Tense songs, all run with two factors: MEMORY (Self 
declared memory; Matched song); GEMS (Wonder; Transcendence; Power; Tenderness; Nostalgia; 
Peacefulness; Joyful Activation; Sadness; Tension).  
Mauchly’s test of sphericity was violated for all effects involving the GEMS factor, therefore for these 
the Greenhouse-Geisser correction was applied. Sidak Pairwise comparisons were used as the post-
hoc tests, which adjust for multiple comparisons in the way they are computed. 
 
Four 2x3 repeated-measures ANOVAs were run. One for Happy songs, one for Tender songs, one for 
Sad songs and one for Tense songs, all run with two factors: MEMORY (Self-declared memory; 
Matched song); SAM (Pleasure; Arousal; Dominance).  
 
Mauchly’s test of sphericity was violated for the MEMORY*SAM interaction for Happy songs, and as 
the Greenhouse-Geisser value exceeds .75, Huynh-Feldt results are reported for this effect.  
Results from both analyses are presented concurrently. 
 
7.4.2.1 Happy Songs (N=28) 
In the GEMS analysis there was a significant main effect of MEMORY, F(1, 27)= 23.52, p<.001, ηp2 = 
.47, power=1.00. Sidak pairwise comparisons showed songs with self-declared memories (M=3.09, 
95% CI Lower= 2.83, 95% CI Upper= 3.35) elicited stronger emotional response compared to matched 
songs (M=2.43, 95% CI Lower= 2.14, 95% CI Upper= 2.72). 
 
Results from the SAM analysis showed the same pattern of results. There was a significant main effect 
of MEMORY, F(1, 27)= 48.24, p<.001, ηp2 = .64, power=1.00. Sidak pairwise comparisons showed songs 
with self-declared memories (M=2.00, 95% CI Lower = 1.60, 95% CI Upper = 2.40) elicited a stronger 
emotional response compared to matched songs (M=4.05, 95% CI Lower = 3.58, 95% CI Upper = 4.52). 
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There was a significant main effect of GEMS, F(3.50, 94.52)= 25.01, p<.001, ηp2 = .48, power=1.00. 
Sidak pairwise comparisons (Table 7.16; Figure 7.10) showed power and joyful activation were elicited 
most strongly, with sadness and tension elicited significantly less than all other emotions.  
 
Table 7.16 
 
Adjusted means, CIs and significance levels from Sidak pairwise comparisons for the main effect of GEMS-9 for 
happy songs, matched for emotion quadrant, comparing each GEMS-9 emotion category to each other 
 
 Mean (95% 
CI Lower, 
95% CI 
Upper) 
Won Tran Pow Tend Nos Peac Joy Sad Tens 
Won 3.32 (2.50, 
4.15) 
- n/s n/s n/s n/s n/s n/s p<.001
*** 
p=.002
** 
Tran 2.55 (2.07, 
3.04) 
n/s - p=.005
** 
n/s n/s n/s p<.001
*** 
p<.001
*** 
p=.002
** 
Pow 3.75 (3.41, 
4.09) 
n/s p=.005
** 
- n/s n/s n/s n/s p<.001
*** 
p<.001
*** 
Tend 2.73 (2.25, 
3.21) 
n/s n/s n/s - n/s n/s p=.001
*** 
p<.001
*** 
p=.001
*** 
Nos 2.98 (2.55, 
3.41) 
n/s n/s n/s n/s - n/s p=.002
** 
p<.001
*** 
p<.001
*** 
Peac 2.88 (2.44, 
3.31) 
n/s n/s n/s n/s n/s - p=.001
*** 
p<.001
*** 
p<.001
*** 
Joy 4.07 (3.81, 
4.33) 
n/s p<.001
*** 
n/s p=.001
*** 
p=.002
** 
p=.001
*** 
- p<.001
*** 
p<.001
*** 
Sad 1.21 (1.04, 
1.39) 
p<.001
*** 
p<.001
*** 
p<.001
*** 
p<.001
*** 
p<.001
*** 
p<.001
*** 
p<.001
*** 
- n/s 
Tens 1.32 (1.08, 
1.56) 
p=.002
** 
p=.002
** 
p<.001
*** 
p=.001
*** 
p<.001
*** 
p<.001
*** 
p<.001
*** 
n/s - 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Won = Wonder; Tran = Transcendence; Pow = power; Tend = Tenderness; Nos = Nostalgia; Peac = Peacefulness; Joy 
= Joyful Activation; Sad = Sadness; Tens = Tension 
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Results from the SAM analysis showed there was a significant main effect of SAM, F(2, 54)= 12.58, 
p<.001, ηp2 = .32, power=.995. Sidak pairwise comparisons (Table 7.17) showed happy songs elicited 
significantly more pleasure compared to levels of arousal and dominance, although all dimensions 
showed strong positive ratings. There was no significant difference between arousal or dominance 
levels. 
Table 7.17 
 
Adjusted means, CIs and significance levels from Sidak pairwise comparisons for the main 
effect of SAM for happy songs, matched for emotion quadrant, comparing each 
dimension 
 
 Mean (95% CI Lower, 
95% CI Upper) 
Pleasure Arousal Dominance 
Pleasure 2.18 (1.79, 2.57) - p<.001*** p=.003*** 
Arousal 3.82 (3.19, 4.45)  p<.001*** - n/s 
Dominance 3.07 (2.63, 3.52) p=.003** n/s - 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
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There was no significant interaction effect of MEMORY*GEMS, F(2.95, 79.65)= 2.11, p=.11, ηp2 = .07, 
power=0.52, suggesting the emotional profile for songs with a happy memory is only quantitatively 
different to songs matched based on happiness but no memory. However, without the Greenhouse-
Geisser correction, the interaction was significant (p=.037) and there were sig differences within the 
post-hocs. Results showed songs with an associated memory elicited significantly stronger emotional 
responses compared to matched songs, with the exception of sadness and tension. 
 
Results from the SAM analysis showed there was no significant interaction effect of MEMORY*SAM, 
F(1.63, 44.12)= .013, p=.98, ηp2 = .00, power=0.052, suggesting the emotional profile for songs with a 
happy memory is the same, albeit it stronger, compared to the emotional response to matched happy 
songs without associated memories.  
 
Taken together, results suggest songs with an associated memory are only quantitatively different 
than songs without a happy memory, but matched by emotion, showing a stronger, but equivalent, 
emotional response when a happy memory is held to a song.  
 
 
7.4.2.2 Tender Songs (N=28) 
For the GEMS analysis, there was a significant main effect of MEMORY, F(1, 27)= 34.35, p<.001, ηp2 = 
.56, power=1.00. Sidak pairwise comparisons showed songs with self-declared tender memories 
(M=3.35, 95% CI Lower= 3.10, 95% CI Upper= 3.60) elicited stronger emotional response compared to 
matched songs (M=2.41, 95% CI Lower= 2.10, 95% CI Upper= 2.72). 
 
Results from the SAM analysis showed the same pattern of results. There was a significant main effect 
of MEMORY, F(1, 27)= 31.63, p<.001, ηp2 = .54, power=1.00. Sidak pairwise comparisons showed songs 
with self-declared tender memories (M=3.29, 95% CI Lower = 2.74, 95% CI Upper = 3.83) elicited a 
stronger emotional response compared to matched tender songs (M=5.05, 95% CI Lower = 4.52, 95% 
CI Upper = 5.58). 
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There was a significant main effect of GEMS, F(3.72,100.30)= 25.83, p<.001, ηp2 = .49, power=1.00. 
Sidak pairwise comparisons (Table 7.18) showed tenderness and nostalgia were felt significantly more 
strongly compared to transcendence, power and joyful activation. All emotions were felt more 
strongly compared to tension and most were felt more strongly compared to sadness, with the 
exception of joyful activation and power (Figure 7.11).  
Table 7.18 
 
Adjusted means, CIs and significance levels from Sidak pairwise comparisons for the main effect of GEMS-9 for tender  
songs, matched for emotion quadrant, comparing each of the GEMS-9 emotion categories to each other 
 
 Mean (95% CI Lower, 
95% CI Upper) 
Won Tran Pow Tend Nos Peac Joy Sad Tens 
Won 3.36 (2.97, 3.74) - n/s n/s n/s n/s n/s n/s p<.001
*** 
p<.001
*** 
Tran 2.93 (2.44, 3.42) n/s - n/s p=.043
* 
p=.043
* 
n/s n/s p=.020
* 
p<.001
*** 
Pow 2.73 (2.30, 3.17) n/s n/s - p=.003
** 
p=.014
* 
n/s n/s n/s p<.001
*** 
Tend 3.71 (3.45, 3.98) n/s p=.043
* 
p=.003
** 
- n/s n/s p=.003
** 
p<.001
*** 
p<.001
*** 
Nos 3.61 (3.31, 3.90) n/s p=.043
* 
p=.014
* 
n/s - n/s p=.010
** 
p<.001
*** 
p<.001
*** 
Peac 3.45 (3.11, 3.78) n/s n/s n/s n/s n/s - n/s p<.001
*** 
p<.001
*** 
Joy 2.66 (2.25, 3.08) n/s n/s n/s p=.003
** 
p=.010
** 
n/s - n/s p<.001
*** 
Sad 2.16 (1.72, 2.60) p<.001
*** 
p=.020
* 
n/s p<.001
*** 
p<.001
*** 
p<.001
*** 
n/s - p=.006
** 
Tens 1.30 (1.07, 1.54) p<.001
*** 
p<.001
*** 
p<.001
*** 
p<.001
*** 
p<.001
*** 
p<.001
*** 
p<.001
*** 
p=.006
** 
- 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Won = Wonder; Tran = Transcendence; Pow = power; Tend = Tenderness; Nos = Nostalgia; Peac = Peacefulness; Joy = 
Joyful Activation; Sad = Sadness; Tens = Tension 
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Results from the SAM analysis showed there was a significant main effect of SAM, F(2, 54)= 9.12, 
p<.001, ηp2 = .25, power=.97. Sidak pairwise comparisons (Table 7.19) showed that for tender songs, 
pleasure was felt significantly more strongly than arousal or dominance. There was no significant 
difference between arousal or dominance ratings. Tender songs were shown to be characterised by 
strong, positive valence, neutral arousal levels and a moderate sense of being in control. 
 
Taken together, results suggest tender songs elicit feelings that are positively valenced with low 
arousal, as would be expected given the quadrant occupied by tender on the 2D emotion space. 
 
 
There was a significant interaction effect of MEMORY*GEMS, F(4.69,126.56)= 4.94, p<.001, ηp2 = .16, 
power=0.97. Sidak pairwise comparisons (Table 7.20) showed songs with associated memories elicited 
significantly stronger emotions compared to emotionally-matched songs, except for sadness and 
tension. Tenderness, nostalgia and peacefulness were felt more strongly for songs with tender 
memories compared to songs matched for tenderness (Figure 7.12). Examined another way, Sidak 
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pairwise comparisons (Table 7.21) mirrored results from the GEMS main effect. Songs with associated 
tender memories showed tenderness and nostalgia were elicited more strongly than other emotions. 
All emotions were elicited more strongly compared to tension, with the exception of sadness. Other 
emotions were felt more strongly compared to sadness, with the exception of joyful activation and 
power. In contrast, there were no significant differences between emotions for matched songs, except 
all emotions were felt more strongly compared to tension, excluding sadness and joyful activation.  
 
Table 7.19 
 
Adjusted means, CIs and significance levels from Sidak pairwise comparisons for the main 
effect of SAM for tender songs, matched for emotion quadrant, comparing each emotion. 
dimension 
 
 Mean (95% CI Lower, 
95% CI Upper) 
Pleasure Arousal Dominance 
Pleasure 3.30 (2.74, 3.86) - p=.001** p=.042* 
Arousal 5.00 (4.26, 5.74)  p=.001** - n/s 
Dominance 4.20 (3.59, 4.80) p=.042* n/s - 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
 
 
Table 7.20 
 
Means(CIs) and significance levels for each GEMS-9 emotion comparing songs 
associated  with tender memories to songs matched by emotion quadrant, as a 
result of Sidak pairwise comparisons for the interaction effect MEMORY*GEMS 
 
GEMS-9 Emotion Memory song No Memory song Sig 
Wonder 4.00 (3.55, 4.45) 2.71 (2.19, 3.24) p<.001*** 
Transcendence 3.43 (2.82, 4.04) 2.43 (1.95, 2.91) p<.001*** 
Power 3.11 (2.52, 3.70) 2.36 (1.86, 2.86) p=.027* 
Tenderness 4.64 (4.43, 4.86) 2.79 (2.28, 3.30) p<.001*** 
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Nostalgia 4.36 (4.04, 4.68) 2.86 (2.26, 3.45) p<.001*** 
Peacefulness 3.93 (3.48, 4.38) 2.96 (2.51, 3.42) p=.003** 
Joyful Activation 3.11 (2.53, 3.69) 2.21 (1.69, 2.74) p=.018* 
Sadness 2.29 (1.72, 2.85) 2.04 (1.51, 2.56) n/s 
Tension 1.29 (1.05, 1.52) 1.32 (1.00, 1.64) n/s 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
 
 
 
 
 
Results from the SAM analysis showed there was no significant interaction effect of MEMORY*SAM, 
F(2, 54)= 1.72, p=.190, ηp2 = .06, power=.35 .  
 
Taken together, results suggest songs with associated tender memories are not qualitatively different 
to songs without associated tender memories when measured by a dimensional model. This suggests 
songs paired with tender memories have inherent musical qualities that elicit an emotional response 
of positive valence and low arousal. The seemingly qualitative differences in the GEMS results denote 
the prominence of tenderness and nostalgia when holding a tender memory to a song. Songs with 
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tender memories elicit such weak feelings of tension, sadness and joyful activation that these are 
indistinguishable from matched songs with no tender memories.  
 
Table 7.21 
 
Comparison of estimated marginal means (Cis) for each GEMS-9 category emotional response profile for songs with associated tender 
memories and matched songs, as a result of Sidak pairwise comparisons for the interaction effect MEMORY*GEMS for tender songs, 
ordered by largest mean to smallest mean 
 
 Mean 
(95% CI 
Lower, 
95% CI 
Upper) 
Won Tran Pow Tend Nos Peac Joy Sad Tens 
Songs with memory 
Tend 4.64 
(4.43, 
4.86) 
n/s p=.013* p=.001** - n/s n/s p=.001** p<.001*** p<.001*** 
Nos 4.36 
(4.04, 
4.68) 
n/s n/s p=.008** n/s - n/s p=.008** p<.001*** p<.001*** 
Won 4.00 
(3.55, 
4.45) 
- n/s n/s n/s n/s n/s n/s p<.001*** p<.001*** 
Peac 3.93 
(3.48, 
4.38) 
n/s n/s n/s n/s n/s - n/s p<.001*** p<.001*** 
Tran 3.43 
(2.82, 
4.04) 
n/s - n/s p=.013* n/s n/s n/s p=.037* p<.001*** 
Joy 3.11 
(2.53, 
3.69) 
n/s n/s n/s p=.001** p=.008** n/s - n/s p<.001*** 
Pow 3.11 
(2.52, 
3.70) 
n/s n/s - p=.001** p=.008** n/s n/s n/s p<.001*** 
Sad 2.29 
(1.72, 
2.85) 
p<.001*** p=.037* n/s p<.001*** p<.001*** p<.001*** n/s - n/s 
Tens 1.29 
(1.05, 
1.52) 
p<.001*** p<.001*** p<.001*** p<.001*** p<.001*** p<.001*** p<.001*** p<.001*** n/s 
Matched songs 
Peac 2.96 
(2.51, 
3.42) 
n/s n/s n/s n/s n/s - n/s n/s p<.001*** 
183 
 
Nos 2.86 
(2.26, 
3.45) 
n/s n/s n/s n/s - n/s n/s n/s p=.001** 
Tend 2.79 
(2.28, 
3.30) 
n/s n/s n/s - n/s n/s n/s n/s p=.001** 
Won 2.71 
(2.19, 
3.24) 
- n/s n/s n/s n/s n/s n/s n/s p=.001** 
Tran 2.43 
(1.95, 
2.91) 
n/s - n/s n/s n/s n/s n/s n/s p=.005** 
Pow 2.36 
(1.86, 
2.86) 
n/s n/s - n/s n/s n/s n/s n/s p=.024* 
Joy 2.21 
(1.69, 
2.74) 
n/s n/s n/s n/s n/s n/s - n/s n/s 
Sad 2.04 
(1.51, 
2.56) 
n/s n/s n/s n/s n/s n/s n/s n/s n/s 
Tens 1.32 
(1.00, 
1.64) 
p=.001** p=.005** p=.024* p=.001** p=.001** p<.001*** n/s n/s - 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Won = Wonder; Tran = Transcendence; Pow = power; Tend = Tenderness; Nos = Nostalgia; Peac = Peacefulness; Joy = Joyful 
Activation; Sad = Sadness; Tens = Tension 
 
 
7.4.2.3 Sad Songs (N=24) 
There was a significant main effect of MEMORY, F(1, 23)= 12.99, p=.001, ηp2 = .36, power=0.93. Sidak 
pairwise comparisons showed songs with self-declared memories (M=2.76, 95% CI Lower= 2.50, 95% 
CI Upper= 3.02) elicited stronger emotional response compared to matched songs (M=2.24, 95% CI 
Lower= 1.91, 95% CI Upper= 2.57). 
 
Results from the SAM analysis showed a similar pattern of results. There was a significant main effect 
of MEMORY, F(1, 23)= 7.62, p=.011, ηp2 = .25, power=0.75. Sidak pairwise comparisons showed songs 
with self-declared memories (M=6.11, 95% CI Lower = 5.52, 95% CI Upper = 6.70) elicited a significantly 
stronger emotional response compared to matched songs (M=5.01, 95% CI Lower = 4.43, 95% CI Upper 
= 5.60). 
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There was a significant main effect of GEMS, F(4.19,96.25)= 18.42, p<.001, ηp2 = .45, power=1.00 
(Figure 7.13). Sidak pairwise comparisons (Table 7.22) showed nostalgia, sadness, tenderness and 
wonder were all felt significantly more strongly compared to power and joyful activation. Nostalgia 
was also felt more strongly than peacefulness, and peacefulness was felt more strongly than joyful 
activation. All emotions were felt significantly more strongly compared to tension, excluding power 
and joyful activation. However, sadness was elicited significantly more strongly only compared to 
emotions characterised by high arousal, suggesting (low) arousal is more indicative of sad songs 
compared to valence. This is further supported by the strength of evoked nostalgia, which is a mixed 
valence emotion. Overall, sad songs showed a pattern of eliciting weak responses of emotions 
characterised by high arousal, namely power, joyful activation and tension.  
 
 
 
Table 7.22 
 
Adjusted means, CIs and significance levels from Sidak pairwise comparisons for the main effect of GEMS-9 for sad songs, 
matched for emotion quadrant, comparing each GEMS-9 emotion category to each other 
 
 Mean (95% CI 
Lower, 95% CI 
Upper) 
Won Tran Pow Tend Nos Peac Joy Sad Tens 
Won 2.98 (2.36, 3.59) - n/s p=.051 n/s n/s n/s p=.006
** 
n/s p=.001
*** 
Tran 2.52 (1.97, 3.08) n/s - n/s n/s n/s n/s n/s n/s p=.045
* 
185 
 
Pow 1.92 (1.55, 2.28) p=.051 n/s - p=.001
*** 
p<.001
*** 
n/s n/s p<.001
*** 
n/s 
Tend 3.17 (2.69, 3.64) n/s n/s p=.001
*** 
- n/s n/s p<.001
*** 
n/s p<.001
*** 
Nos 3.31 (2.92, 3.71) n/s n/s p<.001
*** 
n/s - p=.027
* 
p<.001
*** 
n/s p<.001
*** 
Peac 2.44 (2.01, 2.86) n/s n/s n/s n/s p=.027
* 
- p=.031
* 
n/s p=.021
* 
Joy 1.40 (1.11, 1.68) p=.006
** 
n/s n/s p<.001
*** 
p<.001
*** 
p=.031
* 
- p<.001
*** 
n/s 
Sad 3.27 (2.93, 3.61) n/s n/s p<.001
*** 
n/s n/s n/s p<.001
*** 
- p<.001
*** 
Tens 1.50 (1.25, 1.75) p=.001
*** 
p=.045
* 
n/s p<.001
*** 
p<.001
*** 
p=.021
* 
n/s p<.001
*** 
- 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Won = Wonder; Tran = Transcendence; Pow = power; Tend = Tenderness; Nos = Nostalgia; Peac = Peacefulness; Joy = 
Joyful Activation; Sad = Sadness; Tens = Tension 
 
 
Results from the SAM analysis showed there was a significant main effect of SAM, F(2, 46)= 4.41, 
p=.018, ηp2 = .16, power=.73. Sidak pairwise comparisons (Table 7.23) suggest sad songs are 
significantly less pleasurable than they are arousing or producing feelings of dominance. There was no 
significant difference between arousal and dominance dimensions. Results suggest sad songs are 
characterised by negative valence, neutral arousal levels and no strong feelings relating to control, 
suggesting here valence is the determining factor to sad songs. This is counter to the above 
interpretation from the main effect of the GEMS.  
Table 7.23 
 
Adjusted means, CIs and significance levels from Sidak pairwise comparisons for the main 
effect of SAM for sad songs, matched for emotion quadrant, comparing each dimension 
 
 Mean (95% CI Lower, 
95% CI Upper) 
Pleasure Arousal Dominance 
Pleasure 6.31 (5.82, 6.80) - p=.026* p=.028* 
Arousal 5.08 (4.39, 5.78)  p=.026* - n/s 
Dominance 5.29 (4.49, 6.10) p=.028* n/s - 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
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There was a significant interaction effect of MEMORY*GEMS, F(5.33,122.57)= 8.44, p<.001, ηp2 = .27, 
power=1.00 (Figure 7.14). Sidak pairwise comparisons (Table 7.24) showed songs with self-declared 
sad memories elicited significantly stronger sadness, nostalgia, transcendence and tension compared 
to emotionally-matched songs. This interaction effect was then examined another way by contrasting 
the strength of different elicited emotions for songs with a sad memory and matched songs 
separately. Sidak pairwise comparisons (Table 7.25) showed songs with associated sad memories 
elicited strong levels of sadness, nostalgia, tenderness and wonder and low levels of joy and power.  
In contrast matched songs elicited tenderness, nostalgia, peace and wonder, with significantly lower 
levels of joyful activation and tension. Results suggest a distinct profile of emotional response for 
songs with associated sad memories compared to matched songs. Results also suggest sad music is 
characterised on the basis of low arousal alone, rather than valence. 
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Table 7.24 
 
Adjusted means (CIs) and significance levels for each GEMS-9 emotion comparing 
songs associated with sad memories to songs matched by emotion quadrant, as a 
result of Sidak pairwise comparisons for the interaction effect MEMORY*GEMS 
GEMS-9 Emotion Memory song No Memory song Sig 
Wonder 3.29 (2.55, 4.03) 2.67 (2.02, 3.31) n/s 
Transcendence 2.92 (2.24, 3.60) 2.13 (1.56, 2.69) p=.009** 
Power 1.71 (1.29, 2.13) 2.13 (1.52, 2.73) n/s 
Tenderness 3.46 (2.84, 4.08) 2.88 (2.31, 3.44) n/s 
Nostalgia 3.83 (3.36, 4.31) 2.79 (2.24, 3.35) p=.004** 
Peacefulness 2.21 (1.68, 2.74) 2.67 (2.11, 3.22) n/s 
Joyful Activation 1.21 (0.86, 1.56) 1.58 (1.23, 1.93) n/s 
Sadness 4.25 (3.85, 4.65) 2.29 (1.77, 2.81) p<.001*** 
Tension 1.96 (1.49, 2.43) 1.04 (0.96, 1.13) p<.001*** 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
 
 
 
Table 7.25 
 
Comparison of GEMS-9 emotional response profile for songs with associated sad memories and matched songs, as a result of Sidak 
pairwise comparisons for the interaction effect MEMORY*GEMS for sad songs, showing estimated marginal means (Cis) and significance 
levels for each GEMS-9 emotion category compared, for songs with sad memories and without sad memories, in order of the largest mean 
to the smallest mean 
 
 Mean (95% 
CI Lower, 
95% CI 
Upper) 
Won Tran Pow Tend Nos Peac Joy Sad Tens 
Songs with memory 
Sad 4.25 (3.85, 
4.65) 
n/s p=.017* p<.001*** n/s n/s p<.001*** p<.001*** - p<.001*** 
Nos 3.83 (3.36, 
4.31) 
n/s n/s p<.001*** n/s - p=.002** p<.001*** n/s p<.001*** 
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Tend 3.46 (2.84, 
4.08) 
n/s n/s p<.001*** - n/s n/s p<.001*** n/s p=.040* 
Won 3.29 (2.55, 
4.03) 
- n/s p=.019* n/s n/s n/s p=.004** n/s n/s 
Tran 2.92 (2.24, 
3.60) 
n/s - n/s n/s n/s n/s p=.015* p=.017* n/s 
Peac 2.21 (1.68, 
2.74) 
n/s n/s n/s n/s p=.002** - n/s p<.001*** n/s 
Tens 1.96 (1.49, 
2.43) 
n/s n/s n/s p=.040* p<.001*** n/s n/s p<.001*** - 
Pow 1.71 (1.29, 
2.13) 
p=.019* n/s - p<.001*** p<.001*** n/s n/s p<.001*** n/s 
Joy 1.21 (0.86, 
1.56) 
p=.004** p=.015* n/s p<.001*** p<.001*** n/s - p<.001*** n/s 
Matched songs 
Tend 2.88 (2.31, 
3.44) 
n/s n/s n/s - n/s n/s p=.023* n/s p<.001*** 
Nos 2.79 (2.24, 
3.35) 
n/s n/s n/s n/s - n/s p=.023* n/s p<.001*** 
Peac 2.67 (2.11, 
3.22) 
n/s n/s n/s n/s n/s - n/s n/s p<.001*** 
Won 2.67 (2.02, 
3.31) 
- n/s n/s n/s n/s n/s n/s n/s p=.001** 
Sad 2.29 (1.77, 
2.81) 
n/s n/s n/s n/s n/s n/s n/s - p=.001** 
Tran 2.13 (1.56, 
2.69) 
n/s - n/s n/s n/s n/s n/s n/s p=.024* 
Pow 2.13 (1.52, 
2.73) 
n/s n/s - n/s n/s n/s n/s n/s n/s 
Joy 1.58 (1.23, 
1.93) 
n/s n/s n/s p=.023* p=.023* n/s - n/s n/s 
Tens 1.04 (0.96, 
1.13) 
p=.001** p=.024* n/s p<.001*** p<.001*** p<.001*** n/s p=.001** - 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Won = Wonder; Tran = Transcendence; Pow = power; Tend = Tenderness; Nos = Nostalgia; Peac = Peacefulness; Joy = Joyful 
Activation; Sad = Sadness; Tens = Tension 
 
 
Results from the SAM analysis showed a significant interaction effect of MEMORY*SAM, F(2, 46)= 
34.78, p<.001, ηp2 = .60, power=1.00 (Figure 7.15). Sidak pairwise comparisons (Table 7.26) showed 
songs with self-declared memories elicited significantly more negative valence, higher arousal and a 
lack of control compared to songs with no associated memories. When examined another way, 
contrasting the dimensions for songs with a sad memory and then for songs without a memory 
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separately (Table 7.27), Sidak pairwise comparisons showed songs with associated sad memories were 
characterised by significantly stronger negative valence compared to a lack of control and significantly 
high arousal levels. In other words songs with sad memories are characterised by high arousal, strong 
negative valence and a lack of control. In comparison, matched songs showed no significant 
differences between levels of pleasure and arousal, but significantly less arousal compared to feelings 
of being in control. In other words, matched songs were characterised by neutral valence, low arousal 
and a sense of control. This suggests the emotional profile for songs with a sad memory is different to 
matched sad songs (Figure 7.15), suggesting the nature of the sad memory alters the emotional 
response to the music.  
 
Table 7.26 
 
Adjusted means (CIs) and significance levels for each SAM dimension comparing songs 
associated with sad memories to songs matched by emotion quadrant, as a result of Sidak 
pairwise comparisons for the interaction effect MEMORY*SAM 
 
SAM dimension Memory song 
Mean (95% CI 
Lower, 95% CI 
Upper) 
Matched song 
Mean (95% CI 
Lower, 95% CI 
Upper) 
Sig 
Pleasure 7.71 (6.99, 8.43) 4.92 (4.20, 5.63) p<.001*** 
Arousal 4.21 (3.46, 4.96) 5.96 (5.07, 6.84) p<.001*** 
Dominance 6.42 (5.29, 7.54) 4.17 (3.24, 5.10) p=.002** 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
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Table 7.27 
 
Comparison of estimated marginal means (Cis) and significance levels for SAM 
emotional response profile for songs with associated sad memories and 
matched songs, as a result of Sidak pairwise comparisons for the interaction 
effect MEMORY*SAM for sad songs, comparing each dimension of the SAM 
 Mean (95% CI 
Lower, 95% CI 
Upper) 
Pleasure Arousal Dominance 
Songs with memory 
Pleasure 7.71 (6.99, 8.43) - p<.001*** p=.033* 
Dominance 6.42 (5.29, 7.54) p=.033* p=.010* - 
Arousal 4.21 (3.46, 4.96) p<.001*** - p=.010* 
Matched songs 
Arousal 5.96 (5.07, 6.84) n/s - p=.013* 
Pleasure 4.92 (4.20, 5.63) - n/s n/s 
Dominance 4.17 (3.24, 5.10) n/s p=.013* - 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
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Taken together, results from both emotion measures suggest holding a sad memory to a song elicits 
a different emotional response profile compared to matched songs. Songs without a sad memory 
seem to elicit emotions of low arousal and positive valence. Holding a sad memory means sadness is 
elicited strongly, therefore eliciting negatively valenced emotions, and both measures suggest a higher 
arousal response, albeit more clearly demonstrated on the SAM.  
 
7.4.2.4 Tense Songs (N=32) 
The GEMS analysis showed there was a significant main effect of MEMORY, F(1, 30)= 15.49, p<.001, 
ηp2 = .33, power=0.97. Sidak pairwise comparisons showed songs with self-declared memories 
(M=2.52, 95% CI Lower= 2.26, 95% CI Upper= 2.79) elicited stronger emotional response compared to 
matched songs (M=2.10, 95% CI Lower= 1.83, 95% CI Upper= 2.38). 
 
Results from the SAM analysis showed the same pattern of results. There was a significant main effect 
of MEMORY, F(1, 31)= 4.93, p=.034, ηp2 = .14, power=.58. Sidak pairwise comparisons showed songs 
with self-declared memories (M=3.53, 95% CI Lower =2.79, 95% CI Upper = 4.27) elicited a stronger 
emotional response compared to matched songs (M=4.29, 95% CI Lower = 3.82, 95% CI Upper = 4.76). 
 
There was a significant main effect of GEMS, F(4.66,144.56)= 10.44, p<.001, ηp2 = .25, power=1.00 
(Figure 7.16). Sidak pairwise comparisons (Table 7.28) showed power was elicited significantly more 
strongly compared to wonder, transcendence, tenderness and peacefulness. Tension, joyful activation 
and nostalgia were elicited significantly more strongly compared to tenderness and peacefulness.  
Results suggest tense songs are characterised by eliciting high arousal emotions, of mixed valence.  
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Table 7.28 
 
Adjusted means, CIs and significance levels from Sidak pairwise comparisons for the main effect of GEMS-9 for tense songs, matched 
for emotion quadrant, comparing each emotion category of the GEMS-9 to each other for tense songs 
 
 Mean (95% CI 
Lower, 95% CI 
Upper) 
Won Tran Pow Tend Nos Peac Joy Sad Tens 
Won 2.14 (1.70, 2.58) - n/s p=.005 
** 
n/s n/s n/s n/s n/s n/s 
Tran 2.09 (1.68, 2.51) n/s - p=.003 
** 
n/s n/s n/s n/s n/s n/s 
Pow 3.16 (2.72, 3.59) p=.005 
** 
p=.003 
** 
- p<.001 
*** 
n/s p<.001 
*** 
n/s n/s n/s 
Tend 1.66 (1.33, 1.98) n/s n/s p<.001 
*** 
- p=.007 
** 
n/s p=.014 
* 
n/s p<.001 
*** 
Nos 2.52 (2.08, 2.95) n/s n/s n/s p=.007 
** 
- p=.011 
* 
n/s n/s n/s 
Peac 1.56 (1.26, 1.87) n/s n/s p<.001 
*** 
n/s p=.011 
* 
- p=.003 
** 
n/s p<.001 
*** 
Joy 2.61 (2.16, 3.06) n/s n/s n/s p=.014 
* 
n/s p=.003 
** 
- n/s n/s 
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Sad 2.13 (1.67, 2.58) n/s n/s n/s n/s n/s n/s n/s - n/s 
 
Tens 2.97 (2.57, 3.37) n/s n/s n/s p<.001 
*** 
n/s p<.001 
*** 
n/s n/s - 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Won = Wonder; Tran = Transcendence; Pow = power; Tend = Tenderness; Nos = Nostalgia; Peac = Peacefulness; Joy = 
Joyful Activation; Sad = Sadness; Tens = Tension 
 
 
Results from the SAM analysis showed a similar pattern of results. There was a significant main effect 
of SAM, F(2, 62)= 5.88, p=.005, ηp2 = .16, power=.86. Sidak pairwise comparisons (Table 7.29) show 
that tense songs elicit significantly more arousal than feelings of dominance. There was no significant 
difference between and arousal or pleasure ratings. Results suggest tense songs are highly arousing 
with positive valence, and moderate to neutral feelings of being in control. 
 
Table 7.29 
 
Adjusted means, CIs and significance levels from Sidak pairwise comparisons for the 
main effect of SAM for tense songs, matched for emotion quadrant, comparing each 
dimension of the SAM 
 
 Mean (95% CI Lower, 
95% CI Upper) 
Pleasure Arousal Dominance 
Pleasure 4.14 (3.41, 4.87) - n/s n/s 
Arousal 3.22 (2.77, 3.67) n/s - p=.020* 
Dominance 4.38 (3.62, 5.13) n/s p=.020* - 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
 
 
There was a significant interaction effect of MEMORY*GEMS, F(4.64,144.05)= 2.83, p=.021, ηp2 = .08, 
power=0.81 (Figure 7.17). Sidak pairwise comparisons (Table 7.30) showed songs with self-declared 
memories elicited stronger emotional response compared to matched songs for tension, nostalgia and 
sadness, showing the emotional content of tense memories elicit negatively valenced emotional 
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responses not evoked by the music itself. Feelings of power were strongly elicited for both memory 
and matched songs, with other emotions weakly evoked to both types of song.  
 
 
Table 7.30 
 
Means (CIs) and significance levels for each GEMS-9 emotion comparing songs 
associated with tense memories to songs matched by emotion quadrant, as a result 
of Sidak pairwise comparisons for the interaction effect MEMORY*GEMS 
GEMS-9 Emotion Memory song No Memory song Sig 
Wonder 2.19 (1.66, 2.72) 2.09 (1.57, 2.62) n/s 
Transcendence 2.16 (1.63, 2.68) 2.03 (1.58, 2.48) n/s 
Power 3.31 (2.72, 3.90) 3.00 (2.43, 3.57) n/s 
Tenderness 1.81 (1.37, 2.26) 1.50 (1.17, 1.83) n/s 
Nostalgia 2.81 (2.28, 3.35) 2.22 (1.70, 2.74) p=.047* 
Peacefulness 1.47 (1.07, 1.87) 1.66 (1.26, 2.05) n/s 
Joyful Activation 2.72 (2.12, 3.32) 2.50 (1.98, 3.02) n/s 
Sadness 2.59 (2.00, 3.19) 1.66 (1.20, 2.11) p=.001** 
Tension 3.66 (3.17, 4.15) 2.28 (1.76, 2.80) p<.001*** 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
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Examined another way, post hoc tests were run to compare different emotions for songs with tense 
memories, and then for songs without memories. Sidak pairwise comparisons (Table 7.31) showed 
songs with self-declared memories elicited significantly stronger feelings of power and tension 
compared to other emotions. Nostalgia, joyful activation and sadness were also felt significantly more 
strongly compared to peacefulness. This again suggests songs with associated tense memories elicit 
feelings of high arousal and mixed valence. In contrast, songs without associated memories elicited 
significantly stronger feelings of power compared to transcendence, tenderness, peacefulness and 
sadness, with joyful activation elicited significantly more strongly compared to tenderness. There were 
no other significant differences. Results suggests a quantitative difference when music is associated 
with a tense memory compared to matched songs, albeit amplifying feelings of nostalgia, sadness and 
tension. These songs are characterised by high arousal, with valence responses determined by 
whether a tense memory is present or not.  
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Table 7.31 
 
Comparison of estimated marginal means (CIs) and associated significance levels for each category on the GEMS-9 emotional response 
profile for songs with associated tense memories and for matched songs, as a result of Sidak pairwise comparisons for the interaction 
effect MEMORY*GEMS for tense songs, comparing each emotion category and ordered with largest mean to smallest mean 
 
 Mean (95% CI 
Lower, 95% CI 
Upper) 
Won Tran Pow Tend Nos Peac Joy Sad Tens 
Songs with memory 
Tens 3.66 (3.17, 4.15) p=.004 
* 
p=.009 
* 
n/s p<.001 
*** 
n/s p<.001 
*** 
n/s n/s - 
Pow 3.31 (2.72, 3.90) p=.023 
* 
n/s - p=.005 
** 
n/s p<.001 
*** 
n/s n/s n/s 
Nos 2.81 (2.28, 3.35) n/s n/s n/s n/s - p=.002 
** 
n/s n/s n/s 
Joy 2.72 (2.12, 3.32) n/s n/s n/s n/s n/s p=.046 
* 
- n/s n/s 
Sad 2.59 (2.00, 3.19) n/s n/s n/s n/s n/s p=.044 
* 
n/s - n/s 
Won 2.19 (1.66, 2.72) n/s - p=.023 
* 
n/s n/s n/s n/s n/s p=.004 
** 
Tran 2.16 (1.63, 2.68) - n/s n/s n/s n/s n/s n/s n/s p=.009 
** 
Tend 1.81 (1.37, 2.26) n/s n/s p=.005 
** 
- n/s n/s n/s n/s p<.001 
*** 
Peac 1.47 (1.07, 1.87) n/s n/s p<.001 
*** 
n/s p=.002 
** 
- p=.046 
* 
p=.044 
* 
p<.001 
*** 
Matched songs 
Pow 3.00 (2.43, 3.57) n/s p=.042 
* 
- p=.001 
** 
n/s p=.010 n/s p=.043 
* 
n/s 
Joy 2.50 (1.98, 3.02) n/s n/s n/s p=.042 
* 
n/s n/s - n/s n/s 
Tens 2.28 (1.76, 2.80) n/s n/s n/s n/s n/s n/s n/s n/s - 
 
Nost 2.22 (1.70, 2.74) n/s n/s n/s n/s - n/s n/s n/s n/s 
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Won 2.09 (1.57, 2.62) - n/s n/s n/s n/s n/s n/s n/s n/s 
 
Tran 2.03 (1.58, 2.48) n/s - p=.042 
* 
n/s n/s n/s n/s n/s n/s 
Peac 1.66 (1.26, 2.05) n/s n/s p=.010 
* 
n/s n/s n/s n/s - n/s 
Sad 1.66 (1.20, 2.11) n/s n/s p=.043 
* 
n/s n/s - n/s n/s n/s 
Tend 1.50 (1.17, 1.83) n/s n/s p=.001 
** 
- n/s n/s p=.042 
* 
n/s n/s 
Notes. ns - p>.05        * - p ≤ .05         ** - p ≤ .01       *** - p ≤ .001 
Won = Wonder; Tran = Transcendence; Pow = power; Tend = Tenderness; Nos = Nostalgia; Peac = Peacefulness; Joy = 
Joyful Activation; Sad = Sadness; Tens = Tension 
 
 
In contrast, results from the SAM analysis showed there was no significant interaction effect of 
MEMORY*SAM, F(2, 62)= 0.99, p=.38, ηp2 = .03, power=.21, suggesting the emotional profile for songs 
with a tense memory is the same, albeit it stronger, compared to the emotional response to matched 
tense songs without associated memories. Results show high arousal, positive valence and feelings of 
being in control were elicited.  
 
Taken together, results for emotion-matched tense songs from the GEMS and SAM analyses suggest 
this type of music is characterised by high arousal and positive valence responses, with the addition 
of a tense memory also introducing negatively valenced responses when measured categorically.  
 
One limitation of excluding various participants from the analyses to ensure songs were appropriately 
matched was it was no longer possible to directly compare emotion quadrants to one another. This 
was done in the overall analysis where EMOTION was included as a factor with four levels (Happy; 
Tender; Sad; Tense), and included all participants. However, because many matched songs elicited 
memories, the overall analysis had inadequately matched songs to answer the research questions. 
Therefore, it was decided not to include the overall analysis in the main body of the thesis, but instead 
it can be found in Appendix K, although the pattern of results was the same as for the above presented 
analyses.  
 
198 
 
 
7.5 DISCUSSION 
Results supported hypothesis one, showing songs with associated personal memories elicited stronger 
emotional responses compared to songs without memories, over and above factors identified in study 
one. Songs with memories consistently elicited stronger emotions compared to songs without 
memories, on both GEMS and SAM measures, when controlling for genre preference. Memories 
amplified certain emotions whereas songs without memories elicited no strong or distinct emotional 
profile of response. Results also supported hypothesis two, showing songs with associated emotional 
memories elicited stronger emotions compared to songs matched on emotion quadrant. To answer 
the first research question, holding an autobiographical memory to music consistently elicited very 
strong feelings of nostalgia, interpreted as a generic indicator of presence of a memory. Other 
emotional response profiles were specific to the emotional content of the memory, although power, 
tenderness and wonder were strongly evoked across quadrants. Power was elicited consistently 
evoked even to low arousal songs, therefore suggesting there is something powerful about music.  Of 
note is that, similar to study one findings, sadness and tension were weakly felt in response to music, 
except when songs were associated with sad or tense memories. A discussion of specific music-evoked 
emotions can be found in chapter ten. 
 
Results also suggested that when a self-selected song is chosen that is associated with a memory, it 
elicits stronger emotions compared to a song that elicits a memory, but is selected by another person. 
Whilst this was not directly tested, and is of interest for the future, it is concluded that the combined 
influence of holding a personal memory to music, when the music is self-selected and therefore highly 
familiar, leads to the strongest emotional response. 
 
GEMS results showed tender songs with memories elicit the strongest emotional responses, with 
tense songs with memories eliciting the weakest. Happy and sad songs with memories elicited 
equivalent strong response. SAM results showed happy songs elicited the strongest emotional 
responses, with sad songs significantly more negative compared to others, as a result of the negative 
valence. These results further demonstrate the valence bias of the SAM, and the potential limitations 
of people at distinguishing along a dimension of arousal (discussed elsewhere). In particular, people 
were poor at identifying low arousal, thereby rendering the arousal dimension as capturing low 
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arousal states defunct in these analyses. Interestingly, results from the GEMS suggest low arousal 
emotion quadrants are elicited most strongly to music associated with memories. 
 
When comparing songs with memories to songs without memories, whilst controlling for genre 
preference, songs associated with happy and sad memories presented different emotional profiles 
compared to songs without memories. In contrast songs associated with tender and tense memories 
elicited a quantitatively different overall response to songs without memories matched on genre 
preference. These findings demonstrate a tendency to differentiate along the valence dimension, as 
previously discussed, and also show the dominance of the happy/sad dichotomy, as discussed in the 
general introduction. Overall, songs without memories elicited no distinct profiles, whereas songs 
associated with memories did elicit distinct emotional profiles. In contrast, for songs matched on 
emotion quadrant, only sad songs elicited a different emotional profile compared to matched songs, 
suggesting for happy, tender and tense songs, there is something inherently happy tender or tense 
about the music, whereas for sad songs the emotional content of the memory influences the 
emotional response, rather than the music itself.   
 
 
7.5.1 Discussion of Results for Each Emotion Quadrant 
7.5.1.1 Happy  
Songs associated with happy memories 
Happy songs were denoted by positive valence as more of a determinant than elicited levels of high 
arousal, and were characterised by joy, power, wonder and tenderness. Holding a happy memory to 
a song elicited a different profile of emotional response compared to songs without happy memories. 
Songs without memories did not show a profile of varying strength across the different emotion 
categories. When considered alongside the fact that so many matched happy songs had to be excluded 
as unexpectedly eliciting a memory, it would suggest songs that sound musically happy have a high 
possibility of becoming associated to a happy memory (Belfi, Karlan & Tranel, 2015), as involuntary 
happy memories are far more common than other types of emotional memory (Bernsten & Rubin, 
2002).  
 
Songs matched on happy emotion quadrant 
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Songs associated with happy memories consistently elicited stronger emotional responses compared 
to matched happy songs. Happy songs were characterised by power, joy and pleasure. There were no 
profile differences between happy songs with a memory and matched happy songs, with the 
exception of sadness and tension. For these emotions they are felt so weakly to songs with happy 
memories they were indistinguishable from matched happy songs without memories. Results suggest 
there is something inherently ‘happy’ about the music. These particular pieces may be more salient 
during happy events, and therefore encoded with the emotionally happy event.  
 
7.5.1.2 Tender 
Songs associated with tender memories 
Tender songs were characterised by positive valence and low arousal emotional responses, with all 
emotions felt more strongly for memory songs compared to songs without memories, with the 
exception of sadness and tension. Tenderness was inconsistently elicited to music in study one, 
whereas in this study it was consistently elicited strongly when music was associated to a tender 
memory. Emotional profile showed quite a similar pattern of results for songs with tender memories 
compared to without. Tenderness and nostalgia were amplified for songs with tender memories, 
and songs without tender memory were not distinguished by a profile of varying strength categorical 
emotion response, with all emotions felt to a similar weak degree. Songs with a tender memory 
elicited positive valence, high arousal and a sense of control, whereas matched songs elicited neutral 
valence, low arousal and neutral control on the SMA, showing a similar profile of response but with 
scores quantitatively higher for the matched songs.  
 
 
Songs matched on tender emotion quadrant 
Songs associated with tender memories consistently elicited stronger emotional responses compared 
to matched tender songs. Tender songs were characterised by tenderness and nostalgia and peace 
when associated with tender memories, with high arousal emotions such as tension, sadness, joy and 
power experienced weakly. Pleasure responses were strong to tender songs, whereas arousal levels 
were neutral. Results suggest tender songs are characterised by positive valence and low arousal, with 
the addition of a memory amplifying emotional response for positively valenced, low arousal 
emotions. This was particularly the case for tenderness and nostalgia. There were no differences in 
the profile of emotion responses between tender songs with a memory and matched tender songs, 
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with the exception of sadness and tension. For these emotions they were felt so weakly for songs with 
tender memories they were indistinguishable from matched tender songs without memories. Results 
suggest there is something inherently ‘tender’ about the music, therefore these particular pieces are 
salient during tender events, and encoded with the emotionally tender event.  
 
 
7.5.1.3 Sad 
Songs associated with sad memories 
Songs associated with sad memories showed positive-to-mixed valence responses when measured by 
the GEMS, but negatively valenced responses when measured with the SAM. 
For songs with associated sad memories, sadness was strongly elicited, with joy weakly elicited. 
Matched songs were characterised by low arousal and positively valenced emotions, with the 
exception of sadness, with the GEMS picking up low arousal states, whereas the SAM only recorded 
neutral arousal. Music chosen for the sad emotion quadrant uniquely elicited strong negative valence, 
showing different results dependent upon categorical or dimensional emotion measure. Similarly, to 
tender and happy songs without memories, for songs without sad memories no emotions were 
elicited more strongly than others. Sad memories elicit negative valence, high arousal and lack of 
control. Songs without memories elicited positive to neutral valence, neutral arousal and moderate to 
neutral control. Comparing GEMS to SAM results, findings show that, on the GEMS, songs with sad 
memories are characterized by low arousal emotions, whereas on the SAM they are characterized by 
high arousal and lack of control, which is a response unique to songs with sad memories. Identification 
of this unique profile would not be possible using only a categorical measure of emotion. Taken 
together results suggest songs with sad memories elicit a different profile compared to songs without 
sad memories. Seemingly unique to sad memory songs, is a strong elicitation of negative valence, 
which is in contrast to other findings from this study and the previous study that suggest negative 
valence is rarely experienced in relation to music. Findings therefore support previous research into 
sad music specifically, finding that people can have pleasurable and positive responses to sad music 
(Garrido, 2017; Eerola et al., 2016). It would appear, therefore, there is something inherently 
pleasurable about music. To use music to elicit a truly negatively valenced response, one needs to 
select music that elicits a negatively valenced memory, that is strong enough to override the 
pleasurable nature of the music itself.  
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Songs matched on sad emotion quadrant 
On the GEMS, songs associated with sad memories consistently elicited stronger emotional responses 
compared to matched sad songs. Matched songs were generally characterised by low arousal 
emotions, such as nostalgia, sadness, tenderness and wonder, with power, joy and tension weakly 
felt. However, when songs were associated with sad memories sadness, nostalgia transcendence and 
tension were felt more strongly compared to matched songs, demonstrating sad memories elicit 
mixed emotions in terms of both valence and arousal. Memory songs elicited strong sadness, 
nostalgia, tenderness and wonder, and low joy and power. In contrast, matched songs elicited 
tenderness, nostalgia, peace and wonder with low joy and tension. Results suggest a very distinct 
profile of emotional response for songs associated with sad memories compared to matched songs 
for the sadness quadrant. More specifically, songs without memories elicit low arousal, positively 
valenced emotions, whereas holding a sad memory to a song elicits the addition of a negatively 
valenced response as a function of strong sadness. There is also an increase in tension albeit still 
weakly felt. Sadness and tension appear to co-occur in response to music, which is discussed briefly 
below, and more fully in chapter ten. Results suggest sad music, when measured by the GEMS, is 
characterised by low arousal with no clear influence of valence. In contrast, when measured with the 
SAM, songs associated with sad memories were characterised by negative valence, high arousal and 
a lack of control, more akin to what would be described as tension on a 2D emotion space. This 
contrasted to matched songs, which were characterised by neutral valence, low arousal and a sense 
of control.  
 
Results suggest a different profile of emotional response compared to matched songs. The 
characteristics of the music evoke a certain profile of emotional response. However, when this music 
is associated with a sad memory the emotional content of the memory alters the emotional response, 
overriding the influence of the music itself.  
 
The GEMS showed sad songs were characterised by low arousal emotions and mixed valence, 
suggesting arousal was more indicative of sad songs than valence. In contrast, SAM results suggested 
valence characterised sad songs, not arousal, as these songs were characterised by negative valence 
and neutral arousal. These contradictory results possibly suggest a bias of the GEMS towards positive 
emotions and the positive bias of the SAM arousal dimension, as identified in study one. Alternatively, 
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they may show people are poor at differentiating along a purely felt arousal dimension, supporting 
results in study one.  
 
7.5.1.4 Tense 
Songs associated with tense memories 
Similar to songs with sad memories, songs with associated tense memories strongly elicited tension 
(and sadness), whereas tension is more usually weakly felt in response to music. Power and joy were 
also strongly experienced, showing tense songs are characterised by a prominence of high arousal 
states, with valence (positive to mixed) less important. Emotions were generally elicited more weakly 
for tense songs. Results showed differences between songs with tense memories and songs without 
were quantitative in nature suggesting there is something inherently tense about the music. The 
strong feeling of sadness when there is a tense memory fits with previous SAM analyses suggesting 
sadness is experienced as a high arousal emotion. However, power, nostalgia, sadness and tension are 
amplified when a tense memory is present and feelings of peacefulness are reduced. This 
demonstrates tense memories elicit high arousal and negative valence with increased nostalgia simply 
indicating presence of a memory. The strong feeling of sadness when there is a tense memory fits with 
previous SAM analyses suggesting sadness is experienced as a high arousal emotion. Overall, tense 
songs elicit weak feelings. Songs with tense memories also elicit generally weak emotions but do evoke 
high arousal. Further the elicitation of tension in response to music seems unique to songs with tense 
memories. Rather than matched songs being seen to evoke tension, results are interpreted instead as 
matched tense songs failing to evoke other strong emotions comparative to songs from other emotion 
quadrants. 
 
Songs matched on tense emotion quadrant 
Songs associated with tense memories consistently elicited stronger emotional responses compared 
to matched tense songs. Tense songs were characterised by power, tension, joy and nostalgia, 
therefore high arousal with mixed to positively valenced emotions. Songs with tense memories 
elicited stronger feelings of tensions, nostalgia and sadness compared to matched songs. This shows 
the emotional content of tense memories elicited a negatively valenced emotional response not 
evoked by the music itself, although power was strongly evoked for both matched and memory songs. 
Results showed songs in the tense quadrant were characterised by high arousal with valence 
responses determined by whether a tense memory was recalled or not. Therefore, the main impact 
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of holding a tense memory to a songs appears to be to amplify sadness and tension, and nostalgia as 
a generic marker of recalled memory. Results suggest at the time of encoding, songs eliciting high 
arousal and positive valence, particularly feelings of power, are salient to being paired with tense 
experiences. Once the tense memory is associated with this piece of music the emotional content of 
the memory shifts the felt response to the song to be negatively valenced, with high arousal. Results 
here again suggest a co-occurrence of sadness and tension to music. Results also suggested the SAM 
measured the emotional response to the music itself, whereas the GEMS measured the emotional 
influence of the memory. This contrasts to the pattern of results showing what the measures captured 
for emotion matched songs, which showed the opposite pattern. This suggests individual differences 
in responding can be determined by emotion quadrant in question which alters the function of 
different measures. 
 
 
7.5.2 Relevance of the Findings 
The four emotion spaces were characterised differently in terms of emotions elicited, suggesting a 
circumplex model is appropriate to study music-evoked emotion if all four quadrants are studies and 
that this model can identify nuance and differences. This directly challenges previous criticisms of 
dimensional models (Eerola & Zentner, 2010), showing aligning methods to emotion theory generally 
overcomes previous issues identified in the literature. However, the use of the discrete model in this 
study produced evidence of the complexity of musical emotion. The mixed emotions elicited in this 
study, in particular in response to memories, adds further support to previous work suggesting the 
mixed nature of music-evoked emotion. Janata et al. (2007) found that emotions evoked to music 
associated with autobiographical memory are mixed in nature, in particular due to the strength of 
nostalgia that is elicited in response to memories associated with music. Nostalgia is represented as 
an emotion of mixed valence (Barrett et al., 2010) although predominantly positive and social (Zhou 
et al., 2012) and is thought to serve as a mediating influence in negative events, approach and 
avoidance motivation (Stephan et al., 2014), mediating meaningfulness (van Tilburg, Igou & Sedikides, 
2013) and representing self-concept through affection for the past and facilitating self-expression 
(Baldwin, Biernat & Landau, 2015). This explains why nostalgia is so inherent an emotion in 
autobiographical memory, supported by the current study and previous research (Janata et al., 2007).   
Nostalgia was consistently experienced in this study to music with associated memories, compared to 
music without memories, evidencing its role as a core emotion in autobiographical memories.  
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The qualitatively different responses to music with sad memories potentially shows that people do 
not feel sad to music itself, but a sad response comes from personal associations, which alter the 
response to the song. Vuoskoski and Eerola (2012) found that holding an autobiographical memory 
contributed to sadness when music is self-selected (and therefore familiar), which is supported by 
findings from the current study. The memory produces the emotional response to the song, rather 
than the music. Therefore, the evaluative conditioning mechanism is present when holding a sad 
memory to a song, similar to Taruffi and Koelsh’s (2014) proposed role of appraisal in the process. 
Findings support previous work that shows sad music induces pleasant or mixed emotions (Peltola & 
Eerola, 2016) but also there is a general discomfort people hold to feeling sad that actually elicits 
tension and high arousal and a sense of being out of control; more akin to misery on the circumplex 
space, as opposed to sadness. Results suggest pure sadness is not felt, instead an emotion of mixed 
valence and mixed arousal is experienced. Whether this is in response to feeling sad creating tension 
and a lack of control, or whether these feelings go together remains to be seen. What does seem clear 
is experiencing pure sadness to music is not commonplace, if experienced at all, as previous work 
would suggest. Peltola and Eerola (2016) examined music-related sadness and demonstrate sad music 
elicits three themes, grief, melancholia and sweet sorrow. They found, contradictory to previous work, 
that truly negative emotions are felt in response to sad music, and the current study supports these 
findings with results from sad and tense songs. Their research suggested the nature of music-evoked 
sadness differed depending on valence, overall experience and context. Their study explains the 
seemingly contradictory response to sad songs found with the GEMS compared to the SAM, suggesting 
these different measurement approaches tap into different aspects of music-evoked sadness, 
especially in terms of valence. It would appear the different measurement approaches measure 
different aspects of the overall experience, explaining the contradictory results. Previous work 
suggests a listener’s ability to experience music-evoked sadness is related to empathy and individual 
differences (Vuoskoski & Eerola, 2012; Garrido & Schubert, 2010; Taruffi & Koelsch, 2014), but the 
results from the current study would suggest the capacity to feel sad in response to music is universal 
when related to an associated sad memory. Sadness was experienced more strongly in response to 
tense songs as well, albeit at a lower level, so an area of interest for future work would be to examine 
whether individual differences determine a listener’s capacity to experience sadness in relation to 
other negatively valenced music, such as tense songs, compared to sad songs. The role of 
autobiographical memory is an important factor to consider in future work of this nature.  
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Almost half of matched songs elicited an unintended memory, across emotion quadrants. Results also 
often showed only a quantitative difference between emotional response to matched songs 
compared to songs associated with memories. These results suggest something inherently ‘emotional’ 
about pieces that get paired with memories, and music’s strong ability to cue memories, or a 
universality to music-evoked autobiographical memories. When considering the BRECVEMA model 
(Juslin & Västfjäll, 2008; Juslin, 2013a) the following process is theorised, based on the current study 
results: Emotional contagion is the process by which particular songs elicit emotions in the listener, 
and therefore making particular pieces of music salient at the time of encoding an emotional memory. 
The music itself elicits equivalent emotions to that of the memory in question, particularly when it is 
a positively valenced experience, or highly arousing and tense/exciting experience and piece of music. 
This leads to episodic memory formation to the music in question. It is inferred this may be a potential 
process by which the underlying mechanisms of emotional contagion and episodic memory, as posited 
by BRECVEMA, interact. In contrast, for sad memory formation to music, it is theorised that emotional 
contagion elicits low arousal emotions, with nostalgic feelings, making the music salient. This music 
then becomes paired with an episodic memory that is sad, or with changing circumstances over time 
and therefore a reframing of the event, the emotional content of the remembered event becomes 
negatively valenced (sad), meaning the association becomes sad/negatively valenced by the process 
of evaluative conditioning, as posited in the model. This means the song then elicits a different 
emotional profile as a result of this evaluative conditioning, changing from positively valenced to 
negatively valenced, accompanied by high arousal. This would suggest the evaluative conditioning 
mechanism is perhaps involved only in certain contexts. Therefore, for songs with sad memories 
associated, an additional posited mechanism from the BREVCEM model comes in to play. Further work 
is needed to test and confirm these theorised processes. One potential issue is the model explains 
evaluative conditioning as a neutral stimulus becoming evaluated emotionally, whereas the initial 
music before memory associations is not neutral. This suggests further development of the model is 
required. The results from this study suggest that the initial stimuli does not need to be neutral, but 
the evaluative conditioning following rehearsal with a sad memory leads to a change in the emotional 
evaluation of the music. Interestingly, nostalgia was felt strongly to both songs with and without sad 
memories, suggesting there is something nostalgic about the music which potentially makes it a salient 
object for associations with memories, particularly of low arousal and mixed emotion, as sad 
memories often are.  Suggested mechanisms support the process proposed by Taruffi and Koelsch 
(2014) who suggest a distinct process for sad versus happy music. They showed memory is the most 
important process to feeling sad in response to music, with sad music evoking stronger feelings of 
nostalgia than sadness, supported by results of the current study.  
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Findings contrast to Juslin, Eerola and Harmat’s (2013) study that suggested sadness was elicited via 
emotional contagion to music, whereas happiness and nostalgia were elicited as a result of episodic 
memory mechanisms, with expectancy related to irritation. The current study suggests episodic 
memory is more relevant to sadness and tension (irritation), whereas happiness results from 
emotional contagion. It does support the role of episodic memory in eliciting nostalgia. The current 
study is more naturalistic in the musical stimuli used, whereas Juslin et al. (2013) used a single musical 
excerpt computer-generated and manipulated to represent the four mechanisms in question, picking 
a piece of music intended to express sadness, and paired with a positive stimuli (Star Wars) in the 
episodic memory condition. Therefore results are most likely due to intentional manipulation of the 
stimuli, explaining sadness elicited via emotional contagion and happiness/nostalgia elicited by 
episodic memory. This means the current study findings potentially have more to offer in terms of 
supporting evidence for model mechanisms explaining music-evoked emotion. However, these are 
inferred from current study results, whereas Juslin et al. (2013) directly tested these mechanism as 
the intention of study.  
 
It would appear that emotional responses to music, even with memories, are often related to the 
music itself, experienced via a process of emotional contagion. However when the music and the felt 
responses do not match, this is because of the emotional content of memory. This study is taken as 
the first empirical evidence testing and supporting Schubert’s (2013) theorising as to why felt and 
perceived responses are sometimes matched, but not always. Results from the current study suggest 
that the evaluative conditioning mechanism in the BRECVEMA (Juslin & Västjfäll, 2008; Juslin, 2013a) 
model may not always be distinct from the episodic memory mechanism. Future work should 
therefore aim to investigate when these mechanisms are separate and when they overlap.  
 
7.5.3 Relationship of Emotional Response to Theoretical Measurement Model Adopted 
Results also potentially suggest again, as in study one, that listeners are effective in distinguishing 
along the valence dimension, but poor at distinguishing along the arousal dimension. This is supported 
by the SAM results. Arousal scores favoured the high end of the scale comparative to the low end, 
with lower arousal levels generally nearer to what represents neutral. This may suggest a potential 
valence bias of the measure, but may also further demonstrate listeners are capable of identifying 
high arousal but not low arousal, and generally poor at arousal discrimination in their subjective 
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experience of emotion. See limitations for recommendations as to how to further explore this 
observation. 
 
Both study one and the current study indicate a co-occurrence of sadness and tension to music. 
Sadness is characterised by negative valence and low arousal on the circumplex space which GEMS 
results support. However, SAM results suggest songs with a sad memory evoke high arousal along 
with negative valence explaining the increase in tension on the GEMS analysis. It would appear the 
GEMS measured emotional response to the music plus a memory effect indicated by sadness, whereas 
the SAM more precisely measured experienced emotional response dictated by the influence of 
memory rather than music. This makes sense given the GEMS is a measure of emotion specific to 
music. Results from the SAM showing sad memories elicit high arousal and co-occurrence with tension 
potentially reflect the negative evaluation widely held in society in relation to sadness meaning when 
evoked in reference to a personal memory it is accompanied by a sense of anxiety or distress, 
therefore fostering an emotional regulation response of suppression, avoidance or denial. This is 
discussed in more detail in chapter ten. Further work should examine this potential disparity between 
how sadness is represented on a 2D emotion space to how it is potentially experienced in the context 
of social messages and individual experiences that lead to sadness. By using these two measures and 
the manipulation of memory, the contrasting results relating to sad songs offer insight into music’s 
potential ability to elicit an emotional experience of sadness that could be thought of as a purer 
version of sadness as represented by the theoretical emotion space, free from the negative judgement 
influences of social conditioning and individual experience. This could offer the potential for 
alternative emotional regulation strategies to be developed to better manage and cope with negative 
emotions, in this case sadness, aligning with the overall aim of this thesis. 
 
7.6 LIMITATIONS 
A limitation was not being able to compare emotion quadrants directly when controlling for 
unexpected memories and emotion matching, due to the spontaneous recall of memories to matched 
‘non-memory’ songs. This meant comparing emotion quadrants directly for similarities and 
differences was not possible as the design became very unbalanced. Of note, for all emotion 
quadrants, more than half of participants had to be excluded to compare songs with memories to 
matched songs without memories when matched by genre. This demonstrates the prominence of 
music as an autobiographical memory cue. It potentially suggests certain songs, as a result of their 
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musical construction, are particularly salient to being encoded with emotional memories. Therefore, 
songs from the same genre are likely to elicit memories for many people. For those that do not, future 
work should examine the part played by individual differences. However, this memory effect may be 
useful for group-based music selection contexts, when someone else could select songs that could 
elicit strong memories, which would be particularly relevant to the use of music in dementia. Future 
research should match songs for genre and emotion, preserving sample sizes, and also consider using 
more songs to represent each category to draw more robust results.  
 
The final factor shown to influence music-evoked emotion in study 1 was familiarity. This was 
controlled for in the current study. However, results suggested that familiarity for songs associated 
with autobiographical memories was a significant factor, one that is more important than holding a 
personal association to the music. This is one interpretation, supporting findings from study 1 that 
showed familiarity to be the most important factor relating to music-evoked emotion. However, it was 
not song familiarity per se that was significant, only familiar songs with memories. This suggests 
familiarity is an integral factor of holding a personal association to music, demonstrated by the lack of 
independence between familiarity and songs with associated memories, as evidenced in  Appendix L. 
It would appear songs with autobiographical memories are highly familiar, perhaps due to encoding 
processes at the time of memory formation. It could be reasoned that an important personal event is 
paired with an emotionally-congruent, and therefore salient, song at the time of the event. Potentially 
the event and the song are reciprocally rehearsed, leading to the formation of the association as the 
event is encoded into long-term memory. This would explain how the song can cue the memory. This 
would mean any song with a personal association will be highly familiar, meaning the effect of 
familiarity as distinct from the effect of memory may be indistinguishable. Future studies should look 
to test this supposition, investigating the process of how a personal event is paired with a piece of 
music, and how that association is then encoded. This is of interest, and also may enable further 
understanding into the process of certain aspects of memory formation, encoding and recall. This 
would also lead to understanding as to what makes a particular song (or album) salient at the time of 
the memory encoding.  
 
Results suggest holding an autobiographical memory to music elicits stronger emotions compared to 
other factors identified in study one, such as genre preference and song familiarity. However, in this 
study, music with associated memories was self-selected and music without memories was other-
selected, therefore it could be argued stronger emotional response could be a result of song selector, 
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as seen in study one. Future work should directly test these issues by manipulating both song selector 
and memory, by asking participants to select two songs for each quadrant, one with and one without 
a memory, then comparing to two matched songs. Alternatively, a direct comparison could be made 
with the existing dataset, examining participants’ responses to songs with associated memories and 
their matched song when a memory was also elicited. This was beyond the scope of this study, but 
would be a useful next step with the existing dataset. Whilst additional analyses conducted here 
suggests the memory effect is explaining much of the difference, as it was amplified when controlling 
for memories to other-selected songs, future work is needed to directly examine this. 
 
Similarly, controlling for the effect of familiarity was also difficult, as a song associated with a strong 
personal memory is necessarily familiar. Therefore, it may not be possible to ascertain the 
contribution of familiarity versus autobiographical memory when investigating music-evoked 
emotion. One possibility would be to ask participants to select only songs with associated memories 
and with gradated familiarity levels, as in study one, as one potential avenue to shed more light on 
the unique contributions of autobiographical memory and familiarity as factors influencing music-
evoked emotion.  
 
Interaction effects were often not observable for the SAM, which may be due to the nature of the 
scale of measurement. What this means is high and low arousal or positive/negative valence are not 
distinguished in many effects. This issue demonstrates a problematic approach when simultaneously 
studying both poles of a dimension, when the scale has a mid-point of neutral (Eerola & Zentner, 
2010).  In future, it would be useful to use a dimensional measure of emotion, but one that is less 
valence bias, quick but also avoids this issue of a neutral centrepoint. In response to the question in 
the general introduction, it is therefore recommended to use a simple 2D emotion space, rather than 
alternative 3D or categorical emotion measures. This will be discussed in more depth in the general 
discussion. 
 
Linked to the previous point, the mixed findings, particularly relating to sad songs and to mixed 
emotions in response to music, may also point to a methodological issue when measuring emotions 
at static points in time either during or after music listening. What is not clear is whether the emotional 
response of sadness to music is a mixed emotion, or whether different emotions are experienced 
serially. Therefore, it is important for future work to measure emotions continuously in response to 
211 
 
music, rather than at a single time point. This would potentially tease apart the mixed nature of 
emotional response to sad music, and be more capable of identifying whether emotions of different 
arousal and valence levels are experienced serially, whether sadness as a low arousal, negative 
valenced emotion is experienced in a pure sense, or whether sadness is felt as a mixed emotion 
subjectively. Of further interest would be to examine what the objective, physiological response is, to 
ascertain whether sadness is physiologically high or low arousal and negatively or positively valenced. 
Physiological evidence may shed light on the mixed findings regarding sadness in response to music. 
 
The sample size in the current study could be deemed too small therefore rendering the study 
underpowered. However, the large effect sizes and consistent pattern of results throughout the 
analyses challenges potential claims the study was underpowered. The sample size in the current 
study was similar to other studies examining music and autobiographical memory. For example, Belfi 
et al. (2015) had thirty participants, compared to the current study’s fifty-four. Schulkind et al. (1999) 
had thirty-six participants, eighteen in each group, whereas Janata et al. (2007) had sixty-seven 
participants in a laboratory study and Baumgartner (1992) had seventy-three participants in groups of 
eight over twelve sessions. These comparative studies show similar effect sizes (where reported), 
therefore the current study is viewed as having a sufficient sample size. 
 
 
7.7 SUMMARY 
Results suggest strong emotional response to music, particularly to elicit certain types of emotion, 
requires holding autobiographical memories to the music in question. SAM results suggest songs with 
associated memories elicit higher arousal compared to songs with no associated memories, with 
GEMS results suggesting specific emotions, such as nostalgia, tenderness and sadness are elicited 
more strongly with associated memories to songs. In particular, eliciting sadness and tension appears 
to occur only with strong associated memories. Results from both measures suggest music-evoked 
emotion is generally positively valenced, therefore to elicit negative valence in listeners personal, 
negatively valenced associations to the music are required. As this would generally require self-
selected music, the strength of emotional response is then further enhanced by the effect of song 
selector. In conclusion, to elicit specific emotional responses, or strong emotional responses, 
particularly characterised by high arousal, music should be self-selected, highly familiar and have 
strong personal associations.   
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To answer the first question posed in this thesis, emotional music is proposed as music that is self-
selected, highly familiar from a preferred genre and associated with a personal memory. These criteria 
will form the bases of music selection instructions in the following two studies. To answer the next 
two questions posed in this thesis, and to explore theoretical models to experienced subjective 
emotion, the aim of the next study is to investigate the impact of music-evoked emotion 
physiologically, compared to subjective responses, using a continuous, 2D emotion space measure of 
emotion. A further aim is to investigate whether this relationship is moderated by interoception.   
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8. CHAPTER EIGHT: STUDY THREE: “FEELING THE GAP”: DOES INTEROCEPTION MODERATE 
THE RELATIONSHIP BETWEEN PHYSIOLOGICAL AND SUBJECTIVE MUSIC-EVOKED EMOTION 
 
8.1 OVERVIEW 
The previous chapters presented evidence culminating in the following proposition: emotional music 
is music that an individual self-selects which is very familiar, from a preferred genre and is associated 
with personal memories. This answers the first question posed in the introduction as necessary to 
develop an evidence-based, music listening affective intervention. The aim of the current study is 
therefore to address the second and third questions posed in the introduction: what is the relationship 
between emotional music and the body, and is this relationship moderated by interoception?  
In addressing the first question in study one and two, results raised other recommendations: namely 
using a simple 2D emotion space to measure emotion, and to try continuous measurement of emotion 
rather than static measurement. Therefore, these recommendations are utilised in the current study. 
 
STUDY THREE: “Feeling the Gap”: Does Interoception Moderate the Relationship Between 
Physiological and Subjective Music-Evoked Emotion 
 
8.2 INTRODUCTION 
As discussed in the general introduction, an integral part of emotion is the body, resulting from an 
interplay between what the body experiences and what the mind interprets (Cameron, 2011). It is 
beyond the scope of this introduction to get into debates about where the boundaries may be drawn 
to define physiological/body and the neurological/brain and also the boundaries of neurological/brain 
and mind/cognition as this would precipitate a philosophical discussion and require moving into other 
much-debated topics such as mind-body, dualism and consciousness. Whilst interesting, it is not the 
focus of this thesis. Instead, this thesis will stick to the debates regarding emotion theory. Rather than 
a philosophical debate about the mind-body problem and consciousness, this study is interested in 
what is termed objective physiological experience comparative to subjective, self-reported 
experience, and the role interoception may play (Herbert & Pollatos, 2012). This is to be grounded in 
methods, everyday experience and useful application.  
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The James-Lange model posits ANS physiological signals are elicited, transmitted to the brain and then 
interpreted as an emotion (James, 1884). This theory suggests that emotion is experienced as a result 
of what the body experiences, somatic markers, and how these are then interpreted by the mind to 
guide behaviour, suggesting physiological response precedes subjective experience of emotion. The 
Cannon-Baird model (Cannon, 1931) states emotions are generated in the brain and labelled as 
emotions, which then transmit this information to the PNS, activating the ANS and manifesting 
physiological responses. This model implies subjective experience of an emotion precedes 
physiological response. The third theoretical suggestion is a cognitive-appraisal approach, where 
physiological signals are elicited and transmitted then an appraisal of the context leads to the labelled 
emotion. If applied to music, this would suggest songs that were liked would never elicit subjectively 
experienced negative emotions, as the context would be appraised as positive and non-threatening. 
As these models have never been directly tested with music (to the author’s knowledge), this is the 
first aim of the current study. More understanding of the processes underpinning music-evoked 
emotion may address some of the inconsistent findings in the literature.  
 
The body experiences visceral sensations in response to the environment, such as changes in heart 
rate, respiration rate, muscle movements and skin temperature changes. These fluctuations in the 
peripheral nervous system are fed back to the brain via the central nervous system, the thalamus, the 
insula and then on to the cortex, known as the spinothalamicortico pathway. The insula is the brain 
area that integrates these signals, sending them on to the cortex where cognitive appraisal ensues, 
giving rise to interpretation that can lead to conscious awareness. This process, centering in the insula, 
is known as interoception, the ability to perceive physiological signals from the body. Interoception is 
vital for homeostasis, but is also a crucial factor to experiencing emotion. Terasawa, Fukushima and 
Umeda (2013) showed emotional awareness, defined as one’s subjective experience of emotion, 
results from integrating interoceptive information with an appraisal of the current context. Therefore 
an aim of the current study is to assess what role interoception plays in moderating the relationship 
between physiological state and subjective reporting of emotion. 
 
One’s interoceptive ability may determine whether emotions enter conscious, as opposed to 
unconscious, awareness. The more aware an individual is of physiological fluctuations in the body, the 
more likely they are to be aware of emotional states. Terasawa et al. (2013) showed emotional 
awareness, defined as one’s subjective experience of emotion, results from integrating interoceptive 
information with an appraisal of the current context. If emotions are consciously perceived, an 
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individual is better placed to process these emotions and make regulatory choices in relation to these 
emotions or the behaviour driven by these emotions. If these emotions remain outside of conscious 
awareness, an individual is more likely to operate from a place of habit and automaticity. Research 
suggests that higher abilities in emotional awareness, processing and emotion regulation lead to 
improved wellbeing and psychological health (Fogel, 2013). Thus it is important to better understand 
the role of interoception in emotion, which has never been examined in music-evoked emotion. This 
is surprising given Craig (2009) proposes the same neural substrate is responsible for interoception 
and for emotional responses to music, suggesting a strong overlap and relationship relevant to 
temporal aspects of emotional experience. Further, Zentner and Eerola (2010b) suggest interoception 
may have played a role in positive affect seen in infants in response to music. Therefore the second 
aim of the current study is to examine whether interoception moderates the relationship between 
physiological and subjective responses to music.   
 
Dunn et al. (2010) investigated the relationship between physiological response and self-reported 
emotion to faces, showing interoception mediated this relationship in respect of arousal. However, 
this study found no relationship between physiological and self-reported valence. Results were 
interpreted as interoception mediates the objective and subjective emotional relationship regarding 
arousal, not valence. I challenge this interpretation, instead arguing evidence was only found 
regarding arousal because only heart rate, a physiological measure of arousal, was used. The 
relationship between physiology and self-reported valence could not be adequately tested, 
warranting a study investigating the mediating effect of interoception for both arousal and valence. 
This aside, Dunn et al. (2010) showed individual differences in interoception moderated differences 
in the relationship between physiology and self-reported emotion. Therefore, it is reasonable to 
consider the disparity between subjective awareness and physiological response observed with music-
evoked emotion may vary as a function of interoceptive ability. 
 
Previous research examining the relationship between physiological and subjective responses to 
music presents an inconsistent picture. If interoception moderates the relationship, the inclusion of 
interoception could explain the disparity in results relating physiological and subjective responses. On 
the other hand mixed findings could result from methodological approaches, as discussed elsewhere. 
These are revisited below, and the current study aims to address some of the previous methodological 
limitations in the literature. 
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Selected music is diverse and it is common for only certain emotions or emotional dimensions to be 
investigated. One explanation for this disparity could therefore be methodological. Kim and Andre 
(2008) used a profile of physiological responses, encompassing EMG, heart rate, respiration and skin 
conductance when measuring physiological response to music. They also selected music that 
represents the four quadrants of the circumplex model of emotion. Their study found the profile of 
physiological response could significantly predict self-reported emotional state, both on an individual 
and a group level, and physiological measures could predict both valence and arousal, rather than 
these being regarded as separately measured physiologically, as is the dominant view. This study 
suggests when utilising a comprehensive approach, there is a consistent relationship between 
physiological response and subjective emotional response to music. However, studies such as this are 
limited, therefore more work is needed. 
 
What is clear from reviewing the physiological literature is some general trends can be identified, but 
consistent demonstration of similar physiological effects across studies is rare, which may be due to 
stimuli and methods. Whilst most studies find some effects, some studies find no effects, although 
usually this is when types of genres are contrasted, rather than contrasting emotions. For example, 
Burns et al. (1999) found no change in physiological arousal to music, as measured by skin temperature 
or heart rate. Becknell et al. (2008) found no clear trends related in SCR, skin temperature or ECG, 
showing no physiological arousal differentiation to music and found only altered muscle tension of 
the forehead to music compared to no music. Interestingly muscles relaxed as music was played again, 
becoming more familiar.  
 
One explanation for the inconsistent pattern of results was posited by results in study one and work 
by Barrett (2006). These studies show a saliency to hedonic differentiation for self-report yet most 
research demonstrates music manipulates physiological arousal. Again, this may be methodological, 
as few studies employ physiological measures of valence, such as fEMG. However, study one clearly 
demonstrated participants differentiating their felt emotion along the dimension of valence, as 
opposed to arousal, but displaying equal ability to distinguish perceived emotions in the music along 
dimensions of both valence and arousal. If studies only measure physiological arousal, not valence, 
but participants self-report along a valence dimension, this would potentially explain the inconsistent 
pattern of results.  
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Much research has focussed on HRV. These studies tend to use music intended as comparative, using 
excitative versus sedative (Iwanaga et al., 2005), or heavy metal versus baroque (Ferreira et al., 2015), 
with results showing both music types increase sympathetic nervous system activity in HRV, and 
increases immediately after exposure in parasympathetic systems to heavy metal, but not baroque 
music, unexpectedly. These results are unexpected and demonstrate a generic activating/arousing 
response to music, irrespective of music type. These studies potentially suffer the methodological 
issue discussed earlier, assuming universality to the music itself. They also potentially suffer the 
methodological flaw of any music being more similar and arousing than no music or other sounds. 
Therefore, results could be due to methodological approach or could result from music being 
generically arousing. Further, HRV requires at a very minimum 30 seconds of recording, but a more 
acceptable minimum is 90 seconds, with five minutes as the ideal recording period. This means these 
studies examine the effect of musical excerpts on overall response, using block-related design. This is 
despite the fact it is well-established that response to music is not consistent within a single piece or 
listening session (Västfȷä̈ll, 2002). A mixed response over time within a piece of music could therefore 
be an alternative explanation to unexpected and inconsistent physiological results in previous studies. 
More work is therefore needed, particularly utilising continuous measurement, capturing the 
temporal unfolding implicated in meta-representations in interoception and inherent to music (Craig, 
2008). Evidence supports the use of a 2D emotion space as a means to capture continuous emotional 
response to music (Russell, Weiss & Mendelsohn, 1989; Schubert, 1999; Nagel, Kopiez, Grewe & 
Altenmüller, 2007), particularly when expecting a large number of emotional judgements to be made 
in quick succession, so will be used in the current study. This approach has also been used in chills 
research. Event-related research is more common in chills research (Grewe et al., 2007; Grewe et al., 
2009), using a chill response as an event and examining the physiological response following this 
event. However, emotion theory proposes the body elicits physiological signals in response to the 
environment, which are consciously perceived via interoception, leading to the labelling of an 
emotion. Therefore, it surely makes sense to investigate physiology not only following an emotional 
event, but also preceding it, thereby directly testing distinct emotion theories and the role 
interoception plays in relaying physiological signals into subjective awareness of emotions. This is 
therefore an aim of the current study. To the author’s knowledge this is the first time this will have 
been tested using musical stimuli.  
 
Physiological measures are often limited to a single measure, despite Cacioppo and Tassinary (1990) 
recommending physiological profiles are necessary, rather than a single measure when interpreting 
emotion from physiology. Cacioppo and Gardner (1999) call for different physiological signals to be 
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utilised, and evidence from the literature suggests that simply measuring central tendency and 
dispersion is not sufficient, as other physiological parameters are affected by music (Dousty et al., 
2011; Becknell, 2008). Hodges (2010) calls for more multivariate physiology approaches when 
studying music-evoked emotion and physiology, to utilise longer musical excerpts and to employ 
continuous subjective measurements to examine how emotions to music unfold over time. 
Krumhansl’s (1997) study was a seminal example of a multivariate approach by extracting eleven 
physiological variables from heart rate, blood pressure, skin conductance and temperature and 
utilising capture of self-reported emotions. Her results showed the value of this approach, as different 
emotions elicited different autonomic patterns. For example happy songs elicited greater changes in 
respiration whereas sad songs elicited the largest changes for heart rate, blood pressure and skin 
conductance. Krumhansl (1997) compared sad, fearful and happy music using ECG, respiration and 
EDA. Results showed changes in physiology were in the same direction for all emotion types, but 
magnitude differences depending upon emotion. For example respiratory increased the most for 
happy music, with sad music eliciting the largest physiological changes (heart rate decreased, skin 
temperature decreased, blood pressure increased), surprisingly. The study was seminal in utilising 
multiple measures and recording emotions continuously, although there were only weak, albeit 
significant, correlations between subjective and physiological responses.  
 
Ogg, Sears, Marin and McAdams (2017) criticised music-evoked emotion psychophysiological studies 
for poor stimuli selection that does not consider factors known to influence responses. For example 
they criticised previous studies for not controlling for familiarity and preferences, and for failing to 
consider the role of autobiographical memory in chills research. This lends to support for the approach 
in the current study, where all participants were instructed to select highly familiar music from their 
favourite genre, associated to strong autobiographical memories, as evidenced as highly emotional 
from the first two studies. Ogg et al. (2017) measured EDA, ECG, fEMG (zygomaticus major and 
corrugator supercilli) as well as blood oxygen levels in musicians in response to music. In the current 
study fEMG, ECG and EDA will be used. There are strong overlaps between heart rate and respiration 
and so using only one of these measures was deemed sufficient and parsimonious. ECG was chosen 
as it is better evidenced, more accurate in its measurement and offers more comprehensive feature 
extractions. 
 
Theorell and Lingham (2009) identified the need for studies investigating the psychophysiological 
effects of everyday music listening, identifying familiar and preferred music as representative of 
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everyday music listening. Their study manipulated along the arousal dimension, asking participants to 
self-select a stimulative and a sedative piece of music, and examined heart rate and respiration. 
Results showed stimulative music increased heart rate and respiration rate, along with increased 
subjective self-report of positive aroused feelings, but did not affect sedative self-reported emotions. 
Sedative music in contrast induced both self-reported aroused and sedative emotions and a slight 
increase in heart rate, suggesting mixed results for the sedative, self-selected music. The findings from 
study one and two would explain these mixed results as the effect of strong emotional response, 
potentially, due to the self-selected, familiar and preferred music, and as further evidence of 
participant difficulty identifying the low arousal space. Theorell and Lingham’s (2009) study 
demonstrates good attempts to consider music selection, arousal and valence dimensions and 
multiple physiological measures, but also demonstrates some of the criticisms of physiological work 
related to music-evoked emotions: music representing the whole emotion space is not considered and 
physiological and self-report measures are limited and relate only to one emotion dimension. 
 
When reviewing the literature, studies make seem to consistently make one of two errors when 
investigating music and psychophysiology: either they manipulate only a single emotion dimension 
with music as previously discussed, such as manipulating along arousal by comparing sedative to 
excitative music (Iwanaga, Kobayashi & Kawasaki, 2005; Dousty, Daneshvar & Haghjoo, 2011), or they 
conflate emotion dimensions together and therefore manipulate both simultaneously with the 
(usually researcher) selected music. For example, Nater, Abbruzzese, Krebs and Ehlert (2006) selected 
two songs: relaxing and pleasant as compared to arousing and unpleasant, of different genres and 
compared physiological responses, whilst measuring only physiological arousal (heart rate, skin 
conductance, cortisol). Bullack, Büdenbender, Roden and Kreutz (2018) replicated Lundqvist, Carlsson, 
Hilmersson and Juslin’s (2009) study investigating different psychophysiological responses to happy 
compared to sad music. Whilst Bullack et al.’s (2018) and Lundqvist et al.’s (2009) studies are 
commendable for utilising physiological measures of valence (facial EMG) as well as arousal (skin 
conductance, respiration), they again manipulate both arousal and valence simultaneously with music 
selection (happy vs. sad), and use music that is limited to a single genre type and not self-selected. 
Similarly, White and Rickard (2015) also utilised happy and sad music, albeit more than one piece due 
to using short excerpts, whilst recording heart rate and skin conductance. Previous studies that 
simultaneously manipulate along arousal and valence dimensions with the musical stimuli selections 
mean any differences found between musical stimuli/emotions cannot be related to arousal or to 
valence, as they are not manipulated in a systematic way and conflated as a single dimension, contrary 
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to emotion theory. This is therefore one aim of the current study, to examine the physiological 
responses to each of the four quadrants of the emotion space.  
 
Research conducted in affective computing and engineering has been more comprehensive and 
consistent in studying physiological response to musical emotion, considering the full 2D space and a 
range of physiological measures, albeit often to emotion conveyed by the music. Whilst studies 
examining physiological patterns to predict the four quadrants of the emotion space are proliferating 
from affective computing and engineering domains, these fail to do what the current study will 
attempt in several ways: will use music as the stimuli, and music that is self-selected; will directly test 
physiological signals preceding an emotional event, as well as directly after, thereby comparing the 
James-Lange to the Cannon-Baird model, rather than relating to responses to stimuli generally; 
directly predict subjective ratings from physiological signals within-participants, rather than using 
validated stimuli and ratings as separate from the individuals generating the physiological signals; will 
address emotion evoked by the music, rather than emotion recognised in the music; will use multiple 
physiological measures known to capture both arousal and valence; will use continuous measurement 
throughout full songs. The only study seemingly to have done this comprehensively is Kim and Andre 
(2008). They measured fEMG (zygomaticus major and corrugator supercilli), EDA, ECG and respiration. 
However their approach did not examine the preceding/following aspects of response and utilised 
only three male participants and no stimuli control beyond self-selection. Listening occurred multiple 
times over three months, with only four songs (one for each quadrant) listened to repeatedly and 
participants applied their own electrodes. This is very naturalistic in design, but also more focussed on 
physiological responses to the overall piece to predict emotion quadrant, rather than within-piece 
changes predicting moment-to-moment emotions, as is the approach taken in the current study.   
 
In summary, previous studies investigating psychophysiological responses to music present mixed and 
inconsistent results, even when using the same stimuli (Ferreira et al., 2015; Roque et al., 2013), which 
may be methodological (Iwanaga et al., 2005). There are often methodological issues in previous 
studies, such as bias in stimuli selection (Becknell et al., 2008), meaning effects are often simply a 
response to music compared to silence and misunderstand the variables relating to music that 
influence emotional responses. Studies also tend to focus on a single physiological measure, 
predominantly heart rate variability, compare a single music condition to other sounds or silence and 
subjectively measure alertness/relaxation or pleasant/unpleasant as opposed to specific emotional 
states (Yanagihashi, Ohira, Kimura & Fujiwara, 1997; Burns et al., 1999; Iwanaga et al., 2005; Dousty 
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et al., 2011; Becknell et al., 2008). It could be that the inconsistencies in psychophysiological studies 
with music result from methodological approaches. Alternatively, it could be that interoception plays 
a crucial part, and if not considered disparate findings seem perplexing. Therefore this study will 
ascertain whether interoception moderates the disparity between physiological and subjective 
responses to music.  
 
8.2.1 Study Aims 
1) To understand the relationship between physiological and subjective responses to music, as 
related to emotion models:  
Part 1: To examine whether physiological responses predict subjective emotional responses 
Part 2: To examine whether subjective emotional responses predict physiological responses 
2) To examine the role of interoception as moderating the relationship between physiological 
and subjective emotional responses  
 
 
8.3 METHOD 
8.3.1 Participants 
Participants (N=77, female=64 ; MAge= 22.86, SD=4.58 , age range: 18-37 ) were recruited via email and 
internal recruitment database, SONA, at the University of Surrey (N= 65; undergraduate=54; 
postgraduate=11) and recruited from the general public by email (N= 12)  All had typical hearing and 
identified as liking listening to music. Participants were paid £5 for participation. Participants were 
offered an opportunity to be entered into a draw to win a £50 Amazon voucher on completion of the 
study. The study received a favourable ethical opinion from University of Surrey Ethics Committee.  
 
8.3.2 Materials  
8.3.2.1 Personality measures 
The Big Five Inventory (BFI; John & Srivastava, 1999); This is a 44-item inventory that measures an 
individual on the Big Five Factors (dimensions) of personality (Goldberg, 1993), using a 5-point Likert 
scale from ‘1-Disagree strongly’ to ‘5- Agree strongly’. Each of the factors is then further divided into 
personality facets.  
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Behavioural Inhibition system and Behavioural approach system (BIS-BAS; Carver & White, 1994) 
scale; This is a 24-item scale measuring individual differences in the sensitivity of these systems as an 
explanation of behaviour, using a 4-pt Likert scale from ‘1-very true for me’ to ‘4-very false for me’.  
 
8.3.2.2 Demographic information 
Demographic information and music listening habits were captured as these factors are shown to 
influence music-evoked emotion.  
Exercise practices, mindfulness, meditation, yoga and other mind-body practices were captured, as 
these factors have been shown to influence interoceptive ability.  
 
8.3.2.3 Self-report Interoception measures: 
Multidimensional Assessment of Interoceptive Awareness (MAIA) questionnaire (Mehling et al., 
2012); This is a 32-item inventory that measures interoceptive awareness, using a 6-point Likert scale 
from ‘0-Never’ to ‘5- Always’, resulting in eight subscales of different facets of interoceptive 
awareness: Not Distracting; Not Worrying; Emotional Awareness; Attention Regulation; Noticing; Self 
Regulation; Body Listening; Trusting.  
Porges Body Perception Self-Awareness scale (PBPQ; Garfinkel et al., 2015); This is a 45-item inventory 
that measures an individual on their body awareness and perceptions, using a 5-point Likert scale from 
‘a-Never to ‘e- Always’.  
 
8.3.2.4 Objective Interoception measures 
Schandry heartbeat-perception task (Schandry, 1981); This measure combines physiological and self-
report of an individual’s awareness of their heartbeat compared to actual heartbeat as measured with 
ECG. Six trials were administered of varying length; 25 seconds, 35 seconds and 45 seconds, each 
delivered twice, with variable time windows in between. Participants are required to count the 
number of heartbeats they perceive within these trials comparative to actual heartbeats measured 
within these time windows (accuracy) and then assess their confidence in their perception 
(confidence). The beginning of the trial was indicated with a tone, as was the end of each trial.  
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8.3.2.5 Self-Report Emotion measures      
Continuous emotion measurement (Schubert, 2013); This is a continuous measure of self-reported 
emotional response within the 2D space along the dimensions of valence and arousal, capturing an 
interval measure of emotion on a two-dimensional circumplex emotion space (Grewe et al., 2007; 
Nagel et al., 2007; Schubert, 2010). Each time a participant consciously experiences an emotion whilst 
listening to music they recorded the relevant point on the emotion space, with valence as the 
horizontal dimension and arousal as the vertical dimension, with 0,0 as the centrepoint where the 
axes intersect. This produced two continuous variables: an x (valence) and y (arousal) coordinate for 
each self-reported emotion, along with the time it was reported. The four levels of Emotion were 
therefore characterised in the following way: 
Positive activating (happy); positive x, positive y 
Negative activating (tense); negative x, positive y 
Positive deactivating (tender); positive x, negative y 
Negative deactivating (sad); negative x, negative y 
 
Pleasure Arousal Tension (PAT) emotion measure (Schimmack & Grob, 2000); see study one. 
 
8.3.2.6 Objective Emotion measures - Physiological  
Physiological signals were measured using Biopac surface electrode recordings of electrocardiogram 
(ECG), facial electromyographic activity (EMG) and electrodermal activity (EDA) were taken. Biopac 
MP30 data acquisition unit and BSL Pro version 5 software was used. The sample rate was set at 
1000Hz. All measures used electroconductive gel. 
 
ECG; a two lead ECG set-up was used, preamplified, connected with disposable Ag/AgCl electrodes, 
measuring along the diagonal axis of the heart on surface of the body, with the one electrode site on 
the right inner wrist and the second electrode site on the inner left ankle. No ground lead was 
necessary as EDA was also being recorded, acting as the ground. ECG is used to measure heart rate 
(HR measured in BPM), interbeat interval (IBI) and heart rate variability (HRV), thought to demonstrate 
changes in valence and arousal. Recording settings used  and active range of 0.5-35 Hz. 
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Facial EMG; fEMG is used to measure valence, measuring two facial muscle groups, the zygomaticus 
major and the corrugator supercilli. The zygomaticus major (left cheek along the midline) is thought 
to display positive valence and the corrugator supercilli (above the left eyebrow) is thought to display 
negative valence, measured in microvolts. Muscle activity is expected to show changes up to 4 
microvolts by detecting surface voltage changes when a muscle is contracted, with fast responses 
showing from 250 milliseconds upwards after stimulus. Bipolar electrodes are used at each site, with 
electrodes placed at each end of the muscle, parallel to the muscle fibers, measuring muscle 
contraction during emotional response. 4mm reusable electrodes with an active range of 30-500Hz 
were applied with gel. Recording settings were 30-500 Hz.  
EDA; EDA is used to measure changes in arousal, by detecting the skin’s ability to conduct electricity 
by applying a small voltage to the skin and testing the conduction or resistance resulting from the 
activity of the sweat eccrine glands.  The slow-moving tonic skin conductance level (SCL) is measured 
and is then used to derive the fast-moving phasic signal that represents emotional activity, measured 
as skin conductance response (SCR). EDA changes are slow, with activity taking between 1 and 6 
seconds to manifest. Two Ag/AgCL reusable electrodes were placed on the index and middle fingers 
of the non-dominant hand, on the first phalanges. Recording settings were 0-35Hz and electrodes 
were calibrated before being applied to the participant. 
 
 
8.3.2.7 Music 
Participants selected four songs in advance of the testing session, one for each emotion quadrant of 
a circumplex model of emotion space: Positive activating (happy), Negative activating (tense), Positive 
deactivating (tender), Negative deactivating (sad). Participants were instructed to select four very 
familiar songs, ideally from a preferred genre, associated with a happy memory, a sad memory, a 
tender memory and a tense memory, using the same instructions as used in study two. Participants 
were free to select any songs they liked, as the study was not interested in the effects of the 
characteristics of the music, but instead interested in the physiological and subjective emotional 
responses, with music as the emotional stimuli. Music was selected from all types of genre as 
categorised by iTunes genre classifications, and most contained lyrics. Some participants selected the 
same song as another participant, but generally music selections were different across participants.  
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8.3.2.8 Videos 
Four videos were selected to manipulate emotion to capture a classification of a participant’s 
individual physiological emotional response for each of the four emotion levels. One video for each 
emotion quadrant of a circumplex emotional space was selected, based on previously validated film 
clips with appropriate emotion ratings from the literature. Each clip was 1 min, 15 secs long:  
Happy – a scene from ‘Dead Poets Society’: Teacher rouses students with his leaving speech 
(Schaefer, Nils, Sanchez & Philippot, 2010) 
Tender – a scene from ‘Forrest Gump’: Father is reunited with son (Schaefer et al., 2010) 
Tense – a scene from ‘Misery’: Hobelling scene (Schaefer et al., 2010) 
Sad - a scene from ‘The Champ’: Son says goodbye as father dies (Bride et al., 2014) 
 
8.3.3 Experimental Design  
A repeated-measures design was employed, with a factor of Emotion (four levels: Positive activating 
(happy); Negative activating (tense); Positive deactivating (tender); Negative deactivating (sad)). All 
videos were counterbalanced and song orders were randomised. 
A block design was employed with two factors, Video and Song, each with four levels of emotion 
(Happy, Tense, Tender, Sad).  
An event-related design was also employed within the songs, with each self-reported emotion treated 
as an event, with four event types: Happy, Tense, Tender, Sad. 
Moderators: Interoception measures (objective measure: Schandry heartbeat perception task; self-
reported measures: MAIA and PBPQ; see Materials). 
 
DVs: physiological measures of fEMG (zygomaticus major and corrugator supercilli), EDA (skin 
conductance response) and ECG; Continuous self-reported emotion measure, with valence and 
arousal measured using a 2D emotion space; PAT emotion measure with three dimensions (Pleasure, 
Arousal-wakefulness, arousal-Tension). 
 
8.3.4 Procedure 
Participants were invited to respond to recruitment adverts by contacting the researcher. The 
participant was then sent a music selection instruction email along with the information sheet and 
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consent form. The participant selected four emotive songs as instructed, returned their song choices 
to the researcher, and were booked in for an experimental session. The researcher set up a song 
playlist on Spotify, with song orders randomised across participants and interspersed with two 
minutes of silence.  
 
Participants attended the experimental session and gave written, informed consent. The participant 
then completed the demographic and background measures whilst the electrode sites were abraded 
and cleaned, then electrodes were applied. The participant was then trained on the continuous self-
reported emotion measure. The participant next watched the four emotional videos, 
counterbalanced. These validated (See Materials section) emotional vidoes were used as comparative 
emotional stimuli to the emotional music, as a control measure to ensure the music manipulated 
emotional state sufficiently. Whilst the participants were viewing the films, physiological 
measurements were taken to obtain the individual participant’s physiological response representing 
the four emotion quadrants. The participants then completed the self-report PAT emotion measure 
after each film clip. Participants then completed the music listening part of the experiment. 
Participants listened to the first two and a half minutes of each song, with two minutes of silence 
between each song to allow physiological responses to return to baseline before the next song started. 
The participant undertook the continuous emotion measure during each song (Nagel et al., 2007), 
with physiological recordings also taken. After each song the participant completed the self-report 
PAT emotion measure, as they could not complete this during music listening as the continuous 
emotion measure was completed throughout each song.  
 
After completing the music listening phase the objective interoception measure was completed, 
followed by the self-reported interoception measures. Finally, the participant was debriefed and 
thanked for their time. All self-report questionnaires were completed on Qualtrics. 
 
8.3.5 Data Preprocessing and Extraction  
All physiological preprocessing and data extraction was run using AcqKnowledge 4.4.2 software. 
Details of physiological preprocessing can be found in Appendix W. 
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ECG; For the interoception trials, number of heartbeats within each trial were extracted from the ECG 
data, for comparison against perceived self-reported heartbeats. 
ECG; For shorter time windows where HRV has little meaning, min, max, mean and SD HR(BPM) were 
extracted.  
Facial EMG; min, max, mean, SD, integral, PtoP (difference between min and max), area and sum of 
all activity (all measured in microvolts) were extracted separately for corrugator supercilli and 
zygomaticus major. 
EDA; total number of SCRs (sum), max, min, mean, and amplitudes for the first and last largest SCRs 
were extracted. Excluding total number of SCRs, these measures were extracted for tonic and phasic 
EDA.  
Time at which the maximum and minimum occurred for each physiological measure were also 
extracted. The above parameters were extracted for each time window of interest, preceding and 
following self-reported subjective emotions, defined as events.  
Preliminary exploration (canonical correlations and simple linear regressions) suggested the number 
of physiological measures could be reduced. Results also suggested phasic EDA was preferable to tonic 
EDA. Therefore the following eighteen physiological measures were used: 
ECG; mean, SD 
EDA; total number of SCRs (sum), phasic mean, phasic max, phasic min 
fEMG zygomaticus major; min, max, mean, integral, PtoP, Area  
fEMG corrugator supercilli;  min, max, mean, integral, PtoP, Area 
 
8.3.6 Data analysis 
In order to asses which physiological measures related to the self-reported emotions, event-related 
analyses were run. Firstly, physiological information (defined above) for each self-reported emotional 
event, for each participant, was extracted. In order to assess whether physiology precedes subjective 
experience (James-Lange theory) physiological data before each emotional event was extracted. This 
was done for time windows preceding the event. As EDA responses can take 2-10 seconds (although 
some suggest 1-6 seconds), and Vallenza et al. (2014) demonstrated the four emotion quadrants could 
be determined by < 10 second time windows from HRV RR-interval data, time windows of 12 seconds 
were decided upon, to ensure physiological events were captured. In order to test the Cannon-Baird 
228 
 
theory of emotion, the same approach as detailed above was taken, except in this instance data was 
extracted for the 12 seconds following each emotional event. The 12 second time window was to 
ensure EDA responses, that can take 10 seconds (before or after) an event, would be captured. Using 
a shorter time window would potentially lead to relevant physiological responses being missed, 
whereas using a longer time window would have potentially led to noise being introduced into the 
data. This led to 2202 datapoints being extracted for before events and then the same for after events, 
as there were 2202 self-reported emotion events across the sample.  
 
Analyses were conducted examining overall responses. Then two further approaches were taken for 
analyses: SongType and EventType. The first involved examining physiology within each of the four 
songs, irrespective of the emotion type of the recorded event. This ‘songtype’ analytic approach 
ignores the different self-identified emotion of each event within a song, and instead considered all 
events within a song together and focussed on the emotional categorisation of the song. This analytic 
approach was more similar to Kim and Andre (2008) and other studies that have examined 
physiological and emotional responses to emotional songs. The purpose of this approach is to examine 
what happens within the body, and the role of interoception, in response to emotional songs from 
different emotion quadrants. This understanding was deemed critical to understanding if the goal is 
to use emotional music to represent different quadrants in a music listening intervention. This 
approach is also novel as it specifically looks at emotional points within a song using continuous 
reporting, rather than just responses to the whole song as previously done. The consideration of the 
role of interoception as a moderator is also a novel contribution.  The second approach was to focus 
on the self-reported emotion of each event, irrespective of the emotion of the song within which it 
was experienced. This second analysis therefore looked at physiology as related to subjectively 
identified happy events, then tender events, then tense events then sad events, irrespective of the 
eliciting stimulus. This approach is of interest theoretically to the literature as it more directly concerns 
mixed findings related to mixed emotional responses and also focusses on emotional response, rather 
than stimulus. It addresses criticisms of previous work where the stimulus is assumed to be important 
and consistent in the response elicited, with no concern for mixed, and multiple, responses within 
music to the same stimulus. It also focusses on subjective experience of emotion, and how physiology 
relates to this, directly. Whilst this approach was more novel and more interesting to the literature 
and showed very interesting results, it is of less interest to the current aim of the thesis to design a 
music listening intervention to train interoception. For this reason, results from the second analytic 
approach are reported in Appendix M, O, S, T and V.  
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The role of interoception theoretically applies to physiology predicting subjective emotion. However, 
recent work (Critchley & Garfinkel, 2017) suggest interoception may play a role in subjective emotional 
experience influencing physiology via efferent pathways, as an extension of Cannon-Baird’s model. 
This was therefore tested. However, as this is not the generally excepted definition of interoception 
and less relevant to the current thesis aims, these analyses are also reported in the Appendices U and 
V. 
 
 
8.4 RESULTS 
Descriptives regarding demographic information about music ability, exercise and mind-body practice 
can be found in Appendix X. These were not included in any analyses.  
 
 
8.4.1 Testing the Manipulation 
In order to check the emotional manipulation was successful, ANOVAs were conducted to compare 
emotional responses, as measured by the PAT, to the videos and the songs. The videos were used as 
an emotional comparator. Results are can be found in Appendix Y. Results showed the emotional 
manipulations were successful for the four emotion quadrants, also showing songs were more 
pleasurable than videos. Results suggested songs better elicited the intended emotions compared to 
videos, based on the 2D emotion space, and that the emotion manipulations were successful. 
 
8.4.2 Descriptives of Emotional Events 
2202 emotional events were self-reported across all participants. Nine emotions was the fewest 
number of emotions reported by a single participant, with ninety-three the largest number of 
emotional events reported for a single participant. Tender songs contained the most emotions across 
participants (Table 8.1). Happy emotions were the most commonly reported and sad emotions were 
the most infrequently reported/experienced (Table 8.1). 
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Tables 8.1 shows a more mixed emotional response in tense and sad songs (negative valence spaces), 
which is not the case for positively valenced songs (happy and tender). However when examining the 
type of emotional events experienced and their distribution across song types (Table 8.2) the picture 
is more as would be expected, with emotions predominantly experienced in the appropriate quadrant. 
 
Table 8.1 
 
Table showing number of events (N) and percentages of each type of emotional event self-
reported within songs, reported for all the songs overall combined and then percentages of the 
type of event reported within each of the four song types 
 
 Across all songs (N=2202) 
Happy events Tender events Tense events Sad events 
% of event types 33 26 23 18 
 
 Within happy songs (N=546) 
Happy events Tender events Tense events Sad events 
% of event types 76.7 18.9 1.5 2.9 
 
 Within tender songs (N=563) 
Happy events Tender events Tense events Sad events 
% of event types 31.8 58.6 2.1 7.5 
 
 Within tense songs (N=545) 
Happy events Tender events Tense events Sad events 
% of event types 16.5 9.0 57.4 17.1 
 
 Within sad songs (N=548) 
Happy events Tender events Tense events Sad events 
% of event types 7.5 14.8 31.4 46.4 
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Table 8.2 
 
Table showing number of self-reported events (N) and percentages of self-reported events, 
showing all of the events, overall and then by song type, showing percentage of each emotion type 
and the percentage of each event type within each song type 
 
 Happy events (N=729) 
Happy songs Tender songs Tense songs Sad songs 
% of event types 57.5 24.6 12.3 5.6 
 
 Tender events (N=563) 
Happy songs Tender songs Tense songs Sad songs 
% of event types 18.3 58.6 8.7 14.4 
 
 Tense events (N=505) 
Happy songs Tender songs Tense songs Sad songs 
% of event types 1.6 2.4 62.0 34.1 
 
 Sad events (N=405) 
Happy songs Tender songs Tense songs Sad songs 
% of event types 4.0 10.4 23.0 62.7 
 
 
8.4.3 Correlations: Interoception, Personality and Self-Reported Emotions 
8.4.3.1 Interoception and Personality 
Personality has been associated with interoceptive ability, therefore correlations were run to examine 
relationship between personality measures and measures of interoception (Tables 8.3, 8.4 and 8.5). 
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Self-reported valence and arousal scores were also explored. Descriptives can be viewed in Appendix 
Z. Self-reported valence and arousal scores were also explored. Where variables were not normally 
distributed, Spearmans correlations were conducted. All other tests used Pearsons correlations.  
 
Within measure correlations showed BAS_Drive was significantly correlated to BAS Fun Seeking (r=.26, 
p=.025) and BAS Reward (r=.42, p<.001). In terms of the Big Five, Extraversion was significantly 
correlated to Agreeableness (r=.31, p=.005) and Openness (r=.36, p=.001) and negatively correlated 
to Neuroticism (r= -.26, p=.024). Agreeableness was negatively correlated to Neuroticism (r= -.30, 
p=.008). 
 
 
Table 8.3 
 
Table showing the correlations (r) and associated significance levels (p) when correlating the 
subscales of the two personality measures, correlating the BISBAS with the BFI 
 
 BAS_Drive BAS_Fun Seeking BAS_Reward BISS 
 r p r p r p r p 
BFI_Extraversion .20 .08 .48 <.001*** .22 .06 -.21 .07 
BFI_Agreeableness -.20 .09 .18 .13 .09 .45 -.11 .33 
BFI_ConscientiousnessS .24 .039* -.24 .033* -.01 .94 .09 .46 
BFI_Neuroticism -.02 .86 -.21 .07 .06 .60 .59 <.001*** 
BFI_Openness .16 .17 .36 .001*** .27 .017* -.14 .24 
Notes: * significant at p<.05; **significant at p<.01; ***significant at p<.005 
S denotes Spearmans rho correlations due to lack of normal distribution. 
 
 
 
Table 8.4  
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Table showing correlations (r) and associated significance levels (p) when correlating the subscales 
of the BIS-BAS personality measure and subscales of the self-reported interoceptive measures 
 
 BAS_Drive BAS_Fun Seeking BAS_Reward BISS 
 r p r p r p r p 
Interoceptive 
AccuracyS 
-.12 .29 -.09 .43 -.09 .42 -.09 .46 
MAIA_Not 
DistractingS 
.05 .68 -.05 .66 -.15 .20 .15 .21 
MAIA_Not 
Worrying 
-.12 .31 .12 .29 -.03 .83 -.34 .003*** 
MAIA_Emotional 
AwarenessS 
.24 .040* .09 .43 .13 .26 .34 .002*** 
MAIA_Attention 
Regulation 
.08 .48 .01 .95 -.04 .76 -.15 .20 
MAIA_NoticingS .20 .087 .16 .17 .02 .85 .15 .19 
MAIA_Self 
Regulation 
.02 .86 .09 .46 .10 .38 -.13 .27 
MAIA_Body 
Listening 
.11 .33 .14 .24 .12 .31 .32 .005** 
MAIA_Trusting -.13 .25 .26 .023* .03 .81 .06 .58 
PBPQ .09 .43 -.11 .36 .02 .85 -.05 .67 
Notes: * significant at p<.05; **significant at p<.01; ***significant at p<.005 
S denotes Spearmans rho correlations due to lack of normal distribution. 
 
  
 
 
 
Table 8.5 
 
Table showing correlations (r) and associated significance levels (p) when correlationg the 
subscales of the Big Five personality measure and subscales of the self-reported  interoceptive 
measures 
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 Extraversion Agreeableness ConscientiousnessS Neuroticism Openness 
 r p r p r p r p r p 
Interoceptive 
AccuracyS 
-.03 .81 -.04 .75 .01 .91 -.10 .38 .07 .57 
MAIA_Not 
DistractingS 
-.19 .10 -.17 .15 .02 .89 .01 .96 -.05 .65 
MAIA_Not 
Worrying 
,19 .09 .14 .22 -.22 .06 -.39 .001 
*** 
.32 .005 
** 
MAIA_Emotional 
AwarenessS 
-.08 .47 .04 .71 .30 .009 
** 
.02 .89 .00 .99 
MAIA_Attention 
Regulation 
-.14 .24 .06 .59 .19 .10 -.31 .007 
** 
.06 .58 
MAIA_NoticingS -.12 .30 -.04 .75 .18 .13 .06 .60 -.06 .62 
MAIA_Self 
Regulation 
.13 .26 .22 .06 .02 .86 -.37 .001 
*** 
.37 .001 
*** 
MAIA_Body 
Listening 
-.07 .54 .06 .61 .23 .040 
* 
-.01 .93 .00 .99 
MAIA_Trusting .13 .28 .44 .24 .04 .75 -.40 <.001
*** 
.05 .66 
PBPQ -.23 .042 
* 
-.02 .89 .08 .47 -.05 .70 -.08 .50 
Notes: * significant at p<.05; **significant at p<.01; ***significant at p<.005 
S denotes Spearmans rho correlations due to lack of normal distribution. 
 
 
8.4.3.2 Interoception  
Mean scores on the MAIA showed the sample was relatively low on some aspects of interoceptive 
ability, such as Not Distracting, Not Worrying, Body Listening, Attention Regulation and Self 
Regulation. Interoceptive accuracy, the objective interoceptive measure, showed negative skew. 
Results also showed the objective measure of interoceptive accuracy was not related to self-reported 
measures, or personality. Interoceptive accuracy and PBPQ were not correlated, r=-.01, p=.91. There 
were some significant associations between MAIA subscales and the PBPQ (Table 8.6). 
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Table 8.6  
 
Table showing correlations (r) and associated significance levels (p) when correlating the 
subscales of the MAIA with the objective interoception scale, interoceptive accuracy, and 
with the PBPQ between the interoception measures 
 
 Interoceptive AccuracyS PBPQ 
 r p r p 
 
MAIA_Not DistractingS -.21 .07 -.02 .85 
MAIA_Not Worrying .21 .07 -.07 .53 
MAIA_Emotional AwarenessS -.13 .28 .24 .04* 
MAIA_Attention Regulation .10 .38 .36 .001*** 
MAIA_NoticingS .03 .80 .41 <.001*** 
MAIA_Self Regulation .22 .06 .16 .18 
MAIA_Body Listening -.08 .50 .16 .16 
MAIA_Trusting .14 .23 .14 .23 
Notes: * significant at p<.05; **significant at p<.01; ***significant at p<.005 
S denotes Spearmans rho correlations due to lack of normal distribution. 
 
 
MAIA subscales showed associations to each other as follows: 
Spearmans correlations showed:  
Not Distracting and Not Worrying were significantly, negatively related (r=-.32, p=.005). 
Emotional Awareness was associated with Attention Regulation (r=.37, p=.001), Noticing (r=.60, 
p<.001), Self Regulation (r=.30, p=.007), Body Listening (r=.64, p<.001) and Trusting (r=.26, p<.001) 
subscales. 
Noticing was significantly associated with Attention Regulation (r=.26, p=.02) and Body Listening 
(r=.43, p<.001) subscales.  
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Pearsons correlations showed:  
Attention Regulation was correlated to Self Regulation (r=.45, p <.001), Body Listening (r=.45, p<.001), 
Trusting (r=.37, p=.001). 
Self Regulation was significantly correlated to Body Listening (r=.48, p<.001) and Trusting (r=.39, 
p<.001).  
Body Listening was significantly correlated to Trusting (r=.31, p=.006). 
 
8.4.3.3 Self-Reported Emotions 
Self-reported emotions were not correlated to personality or interoception, with one exception. 
Pearsons correlation showed valence scores were significantly, positively related to extraversion, 
r=.26, p=.021. 
 
Relationships between self-reported valence and arousal were then explored. Pearsons correlation 
showed overall valence and arousal were not correlated, r=.02, p=.28. Relationships were then 
explored for song type and emotional event type separately. Descriptive and inferential results can be 
found in the following tables. Table 8.7 shows results for each song type, whereas Table 8.8 shows 
results for each emotional event type. As before, Pearsons correlation coefficients are reported with 
the exception of non-parametric tests, which employed Spearmans correlations. 
 
Table 8.7  
 
Descriptive statistics and correlation test statistics (r and associated significance level) showing 
relationships between self-reported valence and arousal scores for each type of emotional song 
 
Happy songs 
 Mean Median Min Max r sig 
ValenceS 79.21 86.00 -122 155 .20 <.001*** 
Arousal 31.90 40.00 -97 99 
Tender songs 
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 Mean Median Min Max r Sig 
Valence 67.10 78.00 -136 141 .02 .69 
Arousal -16.10 -21.00 -105 96 
Tense songs 
 Mean Median Min Max r sig 
Valence -39.45 -56.00 -148 123 -.02 .66 
Arousal 30.94 41.00 -97 99 
Sad songs 
 Mean Median Min Max r sig 
Valence -54.63 -66 -149 115 -.06 .13 
Arousal -8.16 -13.00 -101 94 
Notes: * significant at p ≤ .05         ** significant at  p ≤ .01       *** significant at p ≤ .001 
Sdenotes a lack of normal distribution, so Spearmans correlations were used 
 
 
 
 
 
 
 
 
 
 
 
 
Table 8.8 
 
Descriptive statistics and correlation test statistics (r and associated significance level) showing 
relationships between self-reported valence and arousal scores for each emotional event type 
 
Happy events (N=729) 
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 Mean Median Min Max r sig 
ValenceS 78.36 82.00 1 155 .14 <.001*** 
Arousal 46.71 47.00 1 99 
Tender events (N=563) 
 Mean Median Min Max r sig 
Valence 69.97 71.00 0 145 -.19 <.001*** 
Arousal -41.47 -37.00 -105 -1 
Tense events (N=505) 
 Mean Median Min Max r sig 
Valence -71.43 -69.00 -148 -1 -.03 .53 
Arousal 46.99 46.00 1 99 
Sad events (N=405) 
 Mean Median Min Max r sig 
ValenceS -76.15 -80.00 -149 -1 .36 <.001*** 
ArousalS -33.82 -28.00 -101 -1 
Notes: * significant at p ≤ .05         ** significant at  p ≤ .01       *** significant at p ≤ .001 
Sdenotes a lack of normal distribution, so Spearmans correlations were used 
 
 
Results showed self-reported arousal and valence are only significantly, positively related within 
happy songs, albeit with a small effect size. In contrast arousal and valence scores were significantly 
correlated for all emotional event types except tense events. 
 
 
8.4.4 Aim 1: Part 1: Does Physiology Predict Subjective Emotion Ratings? 
Multivariate regressions were run to investigate whether physiological responses in the 12 seconds 
before self reported emotional events predicted subjective emotions. Results for the overall analysis, 
then for each type of emotional song are reported. Analyses relating to type of emotional event can 
be found in Appendix M. 
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Self reported valence and arousal scores were the DVs. IVs were measures for fEMG, ECG and EDA as 
outlined earlier. 
Ppt 4 was removed from analyses due to problems with the EDA data.  
 
 
8.4.4.1 Physiology Predicting Self-Reported Emotional Events 
A multivariate regression was run to test whether physiological measures predicted self–reported 
valence and arousal scores. 2187 cases were included. Overall, valence scores were positive (M=13.65, 
SD=83.00), as were arousal scores, showing overall high arousal (M=9.16, SD=49.63). 
 
Multivariate test statistics (Appendix N and Q) showed heart rate activity (both mean and SD heart 
rate activity) was a significant predictor of self-reported emotion scores overall and for all song types. 
However, SD of heart rate did not significantly predict self-reported emotion for tense songs. Total 
SCR count significantly predicted self-reported emotion for tense songs, and marginally significantly 
predicted self-reported emotions overall, when all song types were combined. Results suggest heart 
rate is a good predictor of self-reported emotion, along with total SCR count. 
 
Both models were significant. Self-reported valence scores were significantly predicted 
(F(15,2171)=13.06, p<.001, ηp2 = .08) by physiology, with 7.6% of the variance of valence explained. 
Self-reported arousal scores were significantly predicted (F(15,2171)=4.51, p<.001, ηp2 = .03) by 
physiology, explaining 2.4% of the variance in arousal scores.  
 
Parameter estimates (Table 8.9) showed minimum corrugator activity, area under the curve of 
corrugator activity, mean zygomaticus activity, area under the curve of zygomaticus activity, mean 
beats per minute (BPM) and standard deviation (variability) of BPM heart rate activity all predicted 
valence. As expected, low corrugator activity predicted positive valence as well as overall zygomaticus 
activity. As heart rate decreased, positive valence increased, along with smaller variance in heart rate 
activity.  
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Table 8.9 
 
Parameter estimates showing results from standardised multivariate regression of physiology 
predicting self-reported valence, with the physiological predictor variables on the right, predicting 
self-reported valence, with the regression weight, t-value test statistic and associated significance 
level 
 
Predictor variable B t Sig 
 
CORR Min -.27 -2.04 .041* 
Max .85 1.39 .16 
Mean -.08 -1.16 .25 
PtoP -.76 -1.41 .16 
Area -.06 -2.03 .042* 
ZYG Min .04 0.85 .40 
Max .03 0.71 .48 
Mean .19 3.20 .001*** 
Area -.06 -2.24 .025* 
ECG Mean -.06 -3.00 .003** 
SD -.06 -2.68 .007** 
EDA Total count -.01 -0.54 .59 
Phasic Max .20 0.77 .44 
Phasic Min .03 0.21 .84 
PhasicMean -.10 -0.33 .74 
Intercept .01 4.48 <.001 
 
Notes: * significant at p ≤ .05         ** significant at  p ≤ .01       *** significant at p ≤ .001 
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Parameter estimates (Table 8.10) showed mean zygomaticus activity and total SCR count predicted 
arousal.  Mean beats per minute (BPM) and standard deviation (variability) of BPM heart rate activity 
were marginal predictors. As expected, as the number of SCRs increased self-reported arousal then 
increased. As overall zygomaticus activity increased so did self-reported arousal. As heart rate 
increased, arousal ratings increased, along with smaller variance in heart rate activity.  
 
 
Table 8.10 
 
Parameter estimates showing results from standardised multivariate regression of physiology 
predicting self-reported arousal, showing the physiological predictor variables on the left, then the 
regression weight (B), t test statistic and associated significance level predicting self-reported 
arousal 
 
Predictor variable B t Sig 
 
CORR Min -.09 -0.63 .53 
Max .30 0.48 .63 
Mean -.05 -0.73 .46 
PtoP -.22 -0.40 .69 
Area .02 0.82 .41 
ZYG Min -.02 -0.35 .73 
Max -.03 -0.64 .52 
Mean .18 2.84 .005** 
Integral 0 0.00 .99 
PtoP 0 0.00 .99 
Area -.02 -0.86 .39 
ECG Mean .04 1.79 .073 
SD -.04 -1.89 .059 
EDA Total count .05 2.20 .028* 
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Phasic Max -.004 -.01 .99 
Phasic Min .06 .44 .66 
PhasicMean .02 .05 .96 
Intercept -.004 -1.75 .080 
 
Notes: * significant at p ≤ .05         ** significant at  p ≤ .01       *** significant at p ≤ .001 
 
 
8.4.4.2 Physiology Predicting Self-Reported Emotional Events by Song Type 
Analyses were then run again, this time examining each song type separately.  
 
8.4.4.2.1 Happy Songs 
542 cases were included. As expected, valence scores were positive (M=79.44, SD=45.83), as were 
arousal scores, showing overall high arousal (M=31.75, SD=42.68). 
 
Both models were significant. Self-reported valence scores were significantly predicted 
(F(14,527)=3.55, p<.001, ηp2 = .09) by physiology, with 6.2% of the adjusted variance of valence 
explained. Self-reported arousal scores were significantly predicted (F(14,527)=3.13, p<.001, ηp2 = 
.08) by physiology, explaining 5.2% of the variance in arousal scores.  
 
Parameter estimates (Table 8.11) showed area under the curve of corrugator activity, minimum 
zygomaticus activity, mean beats per minute (BPM) and standard deviation (variability) of BPM heart 
rate activity all predicted valence. As expected, as overall corrugator activity decreased positive 
valence scores increased. As the minimum zygomaticus level of activity increased, so did positive 
valence, as expected.  As heart rate and variance in heart rate increased, positive valence increased. 
Skin conductance activity did not predict self-reported valence scores for happy songs.  
 
Table 8.11 
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Parameter estimates showing results from multivariate regression of physiology predicting self-
reported valence for happy songs, with the physiological predictor variables on the right, 
predicting self-reported valence, with the regression weight, t-value test statistic and associated 
significance level 
 
 
Predictor variable B t Sig 
CORR Min -.08 -1.11 .27 
Max .05 1.31 .19 
Mean .11 1.08 .28 
Integral 0 0.00 .99 
PtoP 0 0.00 .99 
Area -.12 -2.85 .005** 
ZYG Min .11 2.63 .009** 
Max .05 1.27 .21 
Mean .05 -0.90 .37 
Integral 0 0.00 .99 
PtoP 0 0.00 .99 
Area -.03 -1.29 .20 
ECG Mean .06 2.60 .010** 
SD .06 2.48 .014* 
EDA Total count -.008 -0.32 .75 
Phasic Max .40 0.77 .44 
Phasic Min .19 0.91 .36 
PhasicMean -.51 -0.91 .37 
Intercept .76 1.59 .11 
 
Notes: * significant at p ≤ .05         ** significant at  p ≤ .01       *** significant at p ≤ .001 
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Parameter estimates (Table 8.12) showed area under the curve of zygomaticus activity significantly 
predicted self-reported arousal ratings, with area under the curve of corrugator activity and total SCR 
count marginally significantly predicted arousal. Results showed as zygomaticus and corrugator 
activity decreased, arousal increased. As expected, as the number of SCRs increased self-reported 
arousal then increased. Heart rate activity did not predict self-reported arousal for happy songs.   
 
 
Table 8.12 
 
Parameter estimates showing results from multivariate regression of physiology predicting self-
reported arousal for happy songs, with the physiological predictor variables on the right, 
predicting self-reported valence, with the regression weight, t-value test statistic and associated 
significance level 
 
 
Predictor variable B t Sig 
CORR Min .005 0.04 .97 
Max .01 0.16 .87 
Mean .06 0.34 .74 
Integral 0 0.00 .99 
PtoP 0 0.00 .99 
Area -.13 -1.87 .063 
ZYG Min .09 1.43 .15 
Max -.02 -0.33 .74 
Mean .09 1.04 .30 
Integral 0 0.00 .99 
PtoP 0 0.00 .99 
Area -.10 -2.58 .010** 
ECG Mean .02 0.47 .64 
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SD .05 1.31 .19 
EDA Total count .07 1.73 .085 
Phasic Max -.19 -0.24 .81 
Phasic Min .07 0.21 .83 
PhasicMean .007 0.01 .99 
Intercept .39 0.79 .43 
 
Notes: * significant at p ≤ .05         ** significant at  p ≤ .01       *** significant at p ≤ .001 
 
 
8.4.4.2.2 Tender Songs 
560 cases were included. Overall, valence scores were positive (M=67.17, SD=52.10), and arousal 
scores were negative, showing low arousal (M=-16.44, SD=46.56), both as expected. 
 
Both models were significant. Self-reported valence scores were significantly predicted 
(F(14,545)=5.32, p<.001, ηp2 = .12) by physiology, with 9.8% of the adjusted variance of valence 
explained. Self-reported arousal scores were significantly predicted (F(14,545)=1.83, p=.032, ηp2 = 
.05) by physiology, explaining 2.0% of the variance in arousal scores.  
 
Parameter estimates (Table 8.13) showed minimum, maximum and mean corrugator activity, 
minimum zygomaticus activity and mean beats per minute (BPM) predicted self-reported valence for 
tender songs. Lower corrugator activity predicted increasing positive valence. As the minimum 
amount of zygomaticus activity increased, so did positive valence. As heart rate decreased, positive 
valence increased. Skin conductance was not related to self-reported valence for tender songs.   
 
Table 8.13 
 
Parameter estimates showing results from multivariate regression of physiology 
predicting self-reported valence for tender songs, with the physiological predictor 
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variables on the right, predicting self-reported valence, with the regression weight, t-
value test statistic and associated significance level 
 
 
Predictor variable B t Sig 
CORR Min -.29 -3.93 <.001*** 
Max -.11 -1.93 .054 
Mean .23 2.19 .029* 
Integral 0 0.00 .99 
PtoP 0 0.00 .99 
Area -.06 -1.28 .20 
ZYG Min .15 2.57 .011* 
Max .02 0.42 .68 
Mean -.02 -0.25 .80 
Integral 0 0.00 .99 
PtoP 0 0.00 .99 
Area -.007 -0.18 .86 
ECG Mean -.07 -2.70 .007** 
SD .02 0.86 .39 
EDA Total count -.04 -1.27 .21 
Phasic Max -.47 -0.63 53 
Phasic Min -.23 -0.78 .44 
PhasicMean .52 0.64 .53 
Intercept .60 6.52 <.001 
 
Notes: * significant at p ≤ .05         ** significant at  p ≤ .01       *** significant at p ≤ .001 
 
Parameter estimates (Table 8.14) showed minimum and mean zygomaticus activity and mean beats 
per minute (BPM) and standard deviation (variability) of BPM heart rate activity predicted self-
reported arousal for tender songs. As minimum zygomaticus activity decreased, arousal increased. As 
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mean zygomaticus activity increased, arousal increased. As heart rate and variance in heart rate 
decreased, arousal ratings increased.  
 
Table 8.14 
 
Parameter estimates showing results from multivariate regression of physiology 
predicting self-reported arousal for tender songs, with the physiological predictor 
variables on the right, predicting self-reported valence, with the regression weight, t-
value test statistic and associated significance level 
 
 
Predictor variable B t Sig 
CORR Min .07 0.65 .51 
Max .11 1.17 .24 
Mean -.17 -1.07 .29 
Integral 0 0.00 .99 
PtoP 0 0.00 .99 
Area -.01 -0.14 .89 
ZYG Min -.27 -2.86 .004** 
Max -.02 -0.20 .84 
Mean .30 2.29 .023* 
Integral 0 0.00 .99 
PtoP 0 0.00 .99 
Area .008 0.13 .90 
ECG Mean -.08 -1.95 .051 
SD -.10 -2.32 .021 
EDA Total count -.12 -0.28 .78 
Phasic Max -.92 -0.79 .43 
Phasic Min -.38 -0.83 .41 
PhasicMean 1.10 0.86 .39 
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Intercept -.55 1.21 .23 
 
Notes: * significant at p ≤ .05         ** significant at  p ≤ .01       *** significant at p ≤ .001 
 
 
8.4.4.2.3 Tense Songs 
541 cases were included. As expected, overall valence scores were negative (M=-39.32, SD=61.78), 
with positive  arousal scores, showing overall high arousal (M=30.71, SD=47.15). 
 
Both models were significant. Self-reported valence scores were significantly predicted 
(F(15,525)=3.11, p<.001, ηp2 = .08) by physiology, with 5.5% of the adjusted variance of valence 
explained. Self-reported arousal scores were significantly predicted (F(15,525)=3.14, p<.001, ηp2 = 
.08) by physiology, explaining 5.6% of variance in arousal scores.  
 
Parameter estimates (Table 8.15) showed total SCR count predicted valence for tense songs, with 
mean BPM a marginally significant predictor. For tense songs, as total SCR count increases, valence 
scores increased. As heart rate increased, positive valence also increased. Facial EMG activity did not 
predict self-reported valence scores for tense songs.  
 
 
Table 8.15 
 
Parameter estimates showing results from multivariate regression of physiology 
predicting self-reported valence for tense songs, with the physiological predictor 
variables on the right, predicting self-reported valence, with the regression weight, t-
value test statistic and associated significance level 
 
 
Predictor variable B t Sig 
CORR Min -.08 -0.20 .84 
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Max .58 0.35 .73 
Mean -.10 -0.82 .41 
Integral 0 0.00 .99 
PtoP -.50 -0.34 .73 
Area .03 0.79 .43 
ZYG Min -.04 -0.56 .58 
Max .004 0.06 .95 
Mean -.16 -1.42 .16 
Integral 0 0.00 .99 
PtoP 0 0.00 .99 
Area .07 1.05 .29 
ECG Mean .06 1.74 .082 
SD -.03 -0.81 .42 
EDA Total count .09 2.86 .004** 
Phasic Max .48 1.01 .31 
Phasic Min .08 0.36 .72 
PhasicMean -.31 -0.55 .58 
Intercept -.68 -3.63 <.001 
 
Notes: * significant at p ≤ .05         ** significant at  p ≤ .01       *** significant at p ≤ 
.001 
 
 
 
Parameter estimates (Table 8.16) showed only mean beats per minute (BPM) predicted self-reported 
arousal ratings for tense songs, showing as mean heart rate increased, arousal ratings increased.  
 
Table 8.16 
 
Parameter estimates showing results from multivariate regression of physiology 
predicting self-reported arousal for tense songs, with the physiological predictor 
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variables on the right, predicting self-reported valence, with the regression weight, t-
value test statistic and associated significance level 
 
 
Predictor variable B t Sig 
CORR Min -.43 -0.93 .35 
Max 1.32 0.63 .53 
Mean 0.17 -1.11 .27 
PtoP -1.08 -0.58 .56 
Area .05 0.93 .35 
ZYG Min .08 0.91 .36 
Max -.14 -1.44 .15 
Mean .03 -.22 .83 
Integral 0 0.00 .99 
PtoP 0 0.00 .99 
Area .09 1.17 .24 
ECG Mean .13 3.17 .002** 
SD -.005 -0.12 .91 
EDA Total count .03 0.69 .49 
Phasic Max .46 0.76 .45 
Phasic Min .16 0.56 .58 
PhasicMean 0.33 -0.45 .65 
Intercept .41 -1.29 .20 
 
Notes: * significant at p ≤ .05         ** significant at  p ≤ .01       *** significant at p ≤ 
.001 
 
 
8.4.4.2.4 Sad Songs 
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544 cases were included. As expected, overall valence scores were negative (M=-54.34, SD=65.94), as 
were arousal scores, showing overall low arousal (M=-8.41, SD=41.28). 
 
Both models were significant. Self-reported valence scores were significantly predicted 
(F(15,528)=3.66, p<.001, ηp2 = .09) by physiology, with 6.8% of the adjusted variance of valence 
explained. Self-reported arousal scores were significantly predicted (F(15,528)=2.52, p=.001, ηp2 = 
.07) by physiology, explaining 4.0% of variance in arousal scores.  
 
Parameter estimates (Table 8.17) showed mean beats per minute (BPM) and standard deviation 
(variability) of BPM heart rate activity significantly predicted valence, with maximum corrugator 
activity, and the difference between the maximum and minimum corrugator activity marginally 
significantly predicted self-reported valence ratings for sad songs. Zygomaticus activity and skin 
conductance did not predict valence ratings for sad songs.  Unexpectedly, increasing maximum 
corrugator activity predicted increasing valence. As the difference between maximum and minimum 
corrugator activity decreased, valence increased. As corrugator activity was a marginally significant 
predictor of valence for sad songs, and no zygomaticus activity predicted valence, it could be 
interpreted that facial EMG activity is not a good predictor of valence ratings for sad songs. As heart 
rate and heart rate variance decreased, positive valence increased.  
Table 8.17 
 
Parameter estimates showing results from multivariate regression of physiology 
predicting self-reported valence for sad songs, with the physiological predictor 
variables on the right, predicting self-reported valence, with the regression 
weight, t-value test statistic and associated significance level 
 
 
Predictor variable B t Sig 
CORR Min -.18 -1.65 .10 
Max 1.05 1.93 .055 
Mean -.14 -1.58 .12 
Integral 0 0.00 .99 
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PtoP -.87 -1.82 .069 
Area -.001 -0.04 .97 
ZYG Min .02 0.24 .81 
Max -.002 -0.03 .97 
Mean -.06 -0.35 .73 
Integral 0 0.00 .99 
PtoP 0 0.00 .99 
Area -.009 -0.19 .85 
ECG Mean -.13 -3.64 <.001*** 
SD -.10 -3.12 .002** 
EDA Total count .004 0.09 .93 
Phasic Max .10 0.34 .73 
Phasic Min .01 0.09 .93 
PhasicMean .05 0.14 .89 
Intercept -.80 2.30 .022 
 
Notes: * significant at p ≤ .05         ** significant at  p ≤ .01       *** significant at 
p ≤ .001 
 
Parameter estimates (Table 8.18) showed area under the curve of corrugator and zygomaticus 
activity and standard deviation (variability) of heart rate activity significantly predicted self-reported 
arousal ratings for sad songs. As overall zygomaticus and corrugator activity increased, arousal 
ratings increased. As variance in heart rate decreased, arousal ratings increased.  
 
Table 8.18 
 
Parameter estimates showing results from multivariate regression of physiology 
predicting self-reported arousal for sad songs, with the physiological predictor 
variables on the right, predicting self-reported valence, with the regression weight, 
t-value test statistic and associated significance level 
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Predictor variable B t Sig 
CORR Min -.03 -0.28 .78 
Max .45 0.77 .44 
Mean .01 0.14 .89 
Integral 0 0.00 .99 
PtoP -.43 -0.85 .39 
Area .09 2.31 .022* 
ZYG Min -.05 -0.50 .61 
Max -.07 -0.94 .35 
Mean .13 0.74 .46 
Integral 0 0.00 .99 
PtoP 0 0.00 .99 
Area .10 1.99 .047* 
ECG Mean -.02 -0.55 .59 
SD -.08 -2.19 .029* 
EDA Total count .05 1.12 .26 
Phasic Max -.27 -0.91 .36 
Phasic Min .007 0.04 .97 
PhasicMean .18 0.50 .62 
Intercept -.37 -0.60 .55 
 
Notes: * significant at p ≤ .05         ** significant at  p ≤ .01       *** significant at p ≤ 
.001 
 
Data were then analysed by emotional event type, irrespective of the emotion of the song in which 
they were experienced, but are not reported here as justified earlier. For results see Appendix M. 
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8.4.5 Aim 1: Part 2: Do Subjective Emotion Ratings Predict Physiological Responses? 
Multivariate regressions were run to investigate whether physiological responses in the 12 seconds 
following self-reported emotional events were predicted by the subjective emotions. Results for the 
overall analysis, then for each type of emotional song are reported. Analyses relating to type of 
emotional event can be found in Appendix O. 
Self-reported valence and arousal scores were the IVs. DVs were measures for fEMG, ECG and EDA as 
outlined earlier. 
 
8.4.5.1 Self-Reported Emotional Events Predicting Physiology 
A multivariate regression was run to test whether self-reported emotion ratings (valence and arousal) 
predicted the physiological activity that occurred following these ratings. Additional statistical tables 
can be found in Appendix N and P. 
Table 8.19 
 
Multivariate model results for self reported valence and then self reported arousal predicting combined 
physiological activity, overall and then for each song type, showing Pillai’s trace, F-ratio (F), degrees of 
freedom (Df1, Df2), associated significance level for the test (sig), partial eta-squared (ηp2 ) and the 
sample size (N) 
 
Predictor Song Type Pillai’s 
trace 
F Df1 Df2 sig ηp2 N 
Valence Overall .08 14.93 13 2172 <.001*** .08 2187 
Happy .08 3.57 12 528 <.001*** .08 542 
Tender .12 6.02 12 546 <.001*** .12 560 
Tense .08 3.47 13 526 <.001*** .08 541 
Sad .09 4.60 12 530 <.001*** .09 544 
Arousal Overall .03 5.11 13 2172 <.001*** .03 2187 
Happy .03 1.57 12 528 .097 .03 542 
Tender .02 0.97 12 546 n/s .02 560 
Tense .10 4.61 13 526 <.001*** .10 541 
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Sad .04 1.99 12 530 .023* .04 544 
Notes. n/s = >.10; * significant at p ≤ .05; ** significant at  p ≤ .01; *** significant at p ≤ .001 
 
 
As Table 8.19 shows, self-reported valence significantly predicted combined physiological activity for 
all song types, as well as for song types combined. Self-reported arousal ratings overall significantly 
predicted physiological activity, but when examined by type of song, arousal ratings only significantly 
predicted physiological activity for tense and sad songs. Results suggest self-reported valence predicts 
physiological activity, whereas arousal ratings only predict physiological activity for negatively 
valenced songs. Effect sizes suggest valence ratings during tender songs are particularly good 
indicators of physiological activity, as well as arousal ratings during tense songs.  
 
Overall model statistics showed all physiological activity was significantly predicted by self-reported 
emotional ratings (all ps<.006; See Table 8.20), with the exception of corrugator area under the curve, 
zygomaticus area under the curve, total SCR count, with the SD of heart rate activity marginally 
significant (p=.071). However these were largely accompanied with very small effect sizes and minimal 
variance explained for many of the measures, so results need interpreting with caution.  
Table 8.20 
 
Model statistics for multivariate regression where self-reported emotion events predicted 
physiological activity, showing the predicted physiological activity on the left, as each 
outcome variable, showing the F-ratio (F), degrees of freedom (Df1, Df2), associated 
significance level for the test (sig), partial eta-squared (ηp2 ) and the percentage of 
variance explained in the physiological outcome variable by the self-reported emotion 
 
Outcome variable F Df1 Df2 Sig ηp2 Variance 
explained 
(%) 
CORR Min 23.97 2 2184 <.001*** .02 2.1 
Max 16.45 2 2184 <.001*** .02 1.4 
Mean 32.52 2 2184 <.001*** .03 2.8 
Integral 32.52 2 2184 <.001*** .03 2.8 
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PtoP 11.91 2 2184 <.001*** .01 1.0 
Area 1.43 2 2184 n/s .00 0.0 
ZYG Min 40.79 2 2184 <.001*** .04 3.5 
Max 28.28 2 2184 <.001*** .03 2.4 
Mean 61.18 2 2184 <.001*** .05 5.1 
Integral 60.18 2 2184 <.001*** .05 5.1 
PtoP 23.04 2 2184 <.001*** .02 2.0 
Area 0.00 2 2184 n/s .00 0.0 
ECG Mean 9.99 2 2184 <.001*** .009 0.8 
SD 2.65 2 2184 .071 .002 0.2 
EDA Sum 1.20 2 2184 n/s .001 0.0 
Phasic Max 5.35 2 2184 .005** .005 0.4 
Phasic Min 5.33 2 2184 .005** .005 0.4 
Phasic Mean 6.04 2 2184 .002** .005 0.5 
Notes. n/s = >.10; * significant at p ≤ .05; ** significant at  p ≤ .01; *** significant at p ≤ 
.001 
 
 
 
Parameter estimates (Table 8.21) showed self-reported valence significantly predicted all types of 
corrugator activity (all ps<.001) with the exception of area under the curve. Valence scores also 
significantly predicted all types of zygomaticus activity (all ps<.001) with the exception of area under 
the curve. Self-reported valence significantly predicted heart rate activity, both mean heart rate 
(p=.001) and SD of mean heart rate (p=.027). Self-reported valence did not predict skin conductance 
activity (all ps > .05), although the minimum activity was marginally significant (p=.077). In summary, 
self-reported valence predicts facial EMG activity and heart rate, as would be expected, but not skin 
conductance. Results showed as valence scores becomes more negative, corrugator activity increases 
and range of activity decreases, as would be expected. Similarly, as valence scores become more 
positive, zygomaticus activity increases. As valence scores increase, heart rate activity and variability 
decreases.  
Table 8.21 
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Showing results from multivariate regression of self reported valence 
predicting physiology, showing each physiological variable as the 
outcome variables on the left, showing the regression weight, t-value 
test statistic and associated significance level, as predicted by self-
reported valence 
 
Outcome variable B t Sig 
 
CORR Min -.14 -6.80 <.001*** 
Max -.12 -5.64 <.001*** 
Mean -.17 -8.05 <.001*** 
Integral -.17 -8.05 <.001*** 
PtoP -.10 -4.64 <.001*** 
Area -.02 -1.13 n/s 
ZYG Min .15 7.38 <.001*** 
Max .14 6.75 <.001*** 
Mean .19 9.15 <.001*** 
Integral .19 9.15 <.001*** 
PtoP .13 6.17 <.001*** 
Area .00 0.00 n/s 
ECG Mean -.07 -3.34 .001** 
SD -.05 -2.21 .027* 
EDA Total count .02 1.02 n/s 
Phasic Max -.01 -0.93 n/s 
Phasic Min -.04 -1.77 .077 
PhasicMean -.03 -1.35 n/s 
Notes. n/s = >.10; * significant at p ≤ .05; ** significant at  p ≤ .01; *** 
significant at p ≤ .001 
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Self-reported arousal ratings (see Table 8.22) did not significantly predict corrugator activity (all ps 
>.10), but significantly predicted all types of zygomaticus activity (all ps<.01) with the exception of 
area under the curve. Self-reported arousal significantly predicted mean heart rate (p=.002), but not 
the variability in heart rate around the mean (p=.49). Self-reported arousal significantly predicted 
maximum (p=.002), minimum (p=.005) and mean (p=.001) of phasic skin conductance response, but 
did not predict the total number of SCRs (p=.26). In summary, arousal ratings predict zygomaticus 
activity, heart rate and skin conductance activity. Results showed as arousal scores become higher, 
zygomaticus activity, mean heart rate activity and skin conductance activity all increase.  
 
Table 8.22 
 
Showing results from multivariate regression of self-reported 
arousal predicting physiology, showing each physiological 
variable as the outcome variables on the left, showing the 
regression weight, t-value test statistic and associated 
significance level, as predicted by self-reported arousal 
 
Outcome variable B t Sig 
 
CORR Min -.02 -1.13 n/s 
Max .03 1.21 n/s 
Mean .01 0.67 n/s 
Integral .01 0.67 n/s 
PtoP .04 1.63 n/s 
Area .03 1.29 n/s 
ZYG Min .10 5.02 <.001*** 
Max .07 3.15 .002** 
Mean .12 5.82 <.001*** 
Integral .12 5.82 <.001*** 
PtoP .06 2.67 .008** 
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Area .00 0.00 n/s 
ECG Mean .07 3.05 .002** 
SD .02 0.70 n/s 
EDA Total count .02 1.14 n/s 
Phasic Max .04 3.16 .002** 
Phasic Min .06 2.79 .005** 
PhasicMean .06 3.24 .001*** 
 
Notes. n/s = >.10; * significant at p ≤ .05; ** significant at  p ≤ 
.01; *** significant at p ≤ .001 
 
 
 
8.4.5.2 Self-Reported Emotional Events Predicting Physiology by Song Type 
Analyses were then run to examine how self-reported emotion scores predicted subsequent 
physiological signals based on type of emotional song.  
 
8.4.5.2.1 Happy Songs 
Overall model statistics showed zygomaticus activity, heart rate activity and skin conductance activity 
(except total SCR count) were significantly predicted by self-reported emotional ratings (See Table 
8.23). No corrugator activity was significantly predicted. However these were largely accompanied 
with very small effect sizes and minimal variance explained, so results need interpreting with caution.  
 
 
 
Table 8.23  
 
Model statistics for multivariate regression where self-reported emotion events predicted 
physiological activity for happy songs, showing the predicted physiological activity on the left, as 
each outcome variable, showing the F-ratio (F), degrees of freedom (Df1, Df2), associated 
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significance level for the test (sig), partial eta-squared (ηp2 ) and the percentage of variance 
explained in the physiological outcome variable by the self-reported emotion 
 
Outcome variable F Df1 Df2 Sig ηp2 Variance 
explained (%) 
CORR Min 0.37 2 539 n/s .001 .02 
Max 0.22 2 539 n/s .001 .03 
Mean 0.34 2 539 n/s .001 .02 
Integral 0.34 2 539 n/s .001 .02 
PtoP 0.30 2 539 n/s .001 .03 
Area 0.00 2 539 n/s .00 .00 
ZYG Min 19.46 2 539 <.001*** .07 6.4 
Max 8.01 2 539 <.001*** .03 2.5 
Mean 16.27 2 539 <.001*** .06 5.3 
Integral 16.27 2 539 <.001*** .06 5.3 
PtoP 6.03 2 539 .003** .02 1.8 
Area 0.00 2 539 n/s .00 .00 
ECG Mean 4.37 2 539 .013* .02 1.2 
SD 2.55 2 539 .079 .009 0.6 
EDA Sum 0.01 2 539 n/s .00 0.4 
Phasic Max 18.58 2 539 .016* .02 1.2 
Phasic Min 13.03 2 539 .001** .02 2.0 
Phasic Mean 15.99 2 539 .002** .02 1.9 
Notes. n/s = >.10; * significant at p ≤ .05; ** significant at  p ≤ .01; *** significant at p ≤ .001 
 
 
Parameter estimates (see Table 8.24) showed self-reported valence significantly predicted all types of 
zygomaticus activity (all ps<.005), heart rate activity, both mean heart rate (p=.006) and SD of mean 
heart rate (p=.026), and skin conductance activity (all ps<.006), excluding total SCR count. Corrugator 
activity was not predicted by valence scores for happy songs. Results showed as self-reported valence 
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scores during happy songs become more positive, zygomaticus and heart rate activity increases 
whereas skin conductance activity decreases.  
 
Self-reported arousal ratings (see Table 8.25) only significantly predicted zygomaticus activity; 
specifically minimum (p<.001), mean (p=.006) and integral (p=.006).  No other physiological activity 
was significantly predicted by arousal ratings for happy songs. Results showed as arousal scores 
become higher, zygomaticus minimum activity and average activity increases.  
 
Table 8.24 
 
Parameter estimates showing results from multivariate regression of self-
reported valence predicting physiology for happy songs, showing each 
physiological variable as the outcome variables on the left, showing the 
regression weight, t-value test statistic and associated significance level, as 
predicted by self-reported valence 
 
Outcome variable B t Sig 
 
CORR Min -.04 -0.47 n/s 
Max .04 0.57 n/s 
Mean -.04 -0.63 n/s 
Integral -.04 -0.63 n/s 
PtoP .05 0.75 n/s 
Area .00 0.00 n/s 
ZYG Min .39 4.07 <.001*** 
Max .32 3.29 .001*** 
Mean .46 4.23 <.001*** 
Integral .46 4.23 <.001*** 
PtoP .29 2.96 .003** 
Area .00 0.00 n/s 
ECG Mean .22 2.75 .006** 
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SD .20 2.23 .026* 
EDA Total count .006 0.08 . n/s 
Phasic Max -.11 -2.83 .005** 
Phasic Min -.27 -3.64 <.001*** 
PhasicMean -.23 -3.52 <.001*** 
 
Notes. n/s = >.10; * significant at p ≤ .05; ** significant at  p ≤ .01; *** 
significant at p ≤ .001 
 
 
 
 
 
 
Table 8.25 
 
Parameter estimates showing results from multivariate regression of self-
reported arousal predicting physiology for happy songs, showing each 
physiological variable as the outcome variables on the left, showing the 
regression weight, t-value test statistic and associated significance level, as 
predicted by self-reported arousal 
 
 
Outcome variable B t Sig 
 
CORR Min -.03 -0.60 n/s 
Max -.02 -0.46 n/s 
Mean -.02 -0.37 n/s 
Integral -.02 -0.37 n/s 
PtoP -.02 -0.34 n/s 
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Area .00 0.00 n/s 
ZYG Min .23 3.65 <.001*** 
Max .09 1.45 n/s 
Mean .19 2.74 .006** 
Integral .19 2.74 .006** 
PtoP .07 1.07 n/s 
Area .00 0.00 n/s 
ECG Mean .02 0.42 n/s 
SD -.008 -0.15 n/s 
EDA Total count -.008 -0.16 n/s 
Phasic Max .001 0.05 n/s 
Phasic Min .05 0.99 n/s 
PhasicMean .02 0.46 n/s 
Notes. n/s = >.10; * significant at p ≤ .05; ** significant at  p ≤ .01; *** significant 
at p ≤ .001 
 
 
8.4.5.2.2 Tender Songs 
Overall model statistics showed all physiological activity was significantly predicted by self-reported 
emotional ratings (all ps<.05; See Table 8.26), with the exception of corrugator area under the curve, 
zygomaticus area under the curve, total SCR count, an the SD of heart rate activity. However these 
were largely accompanied with very small effect sizes and minimal variance explained so results need 
interpreting with caution.  
 
 
 
 
 
Table 8.26 
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Model statistics for multivariate regression where self-reported emotion events predicted 
physiological activity for tender songs, showing the predicted physiological activity on the left, as 
each outcome variable, showing the F-ratio (F), degrees of freedom (Df1, Df2), associated 
significance level for the test (sig), partial eta-squared (ηp2 ) and the percentage of variance 
explained in the physiological outcome variable by the self-reported emotion 
 
Outcome variable F Df1 Df2 Sig ηp2 Variance 
explained (%) 
adjusted 
CORR Min 9.18 2 557 <.001*** .03 2.8 
Max 6.17 2 557 .002** .02 1.8 
Mean 8.69 2 557 <.001*** .03 2.7 
Integral 8.69 2 557 <.001*** .03 2.7 
PtoP 3.92 2 557 .020* .01 1.0 
Area 0.00 2 557 n/s .00 0.0 
ZYG Min 9.57 2 557 <.001*** .03 3.0 
Max 6.93 2 557 .001** .02 2.1 
Mean 12.38 2 557 <.001*** .04 3.9 
Integral 12.38 2 557 <.001*** .04 3.9 
PtoP 5.84 2 557 .003** .02 1.7 
Area 0.00 2 557 n/s .00 0.0 
ECG Mean 4.48 2 557 .012* .02 1.2 
SD 1.53 2 557 n/s .005 0.2 
EDA Sum 0.88 2 557 n/s .003 0.0 
Phasic Max 13.37 2 557 <.001*** .05 4.2 
Phasic Min 8.74 2 557 <.001*** .03 2.7 
Phasic Mean 12.50 2 557 <.001*** .04 4.0 
 
Notes. n/s = >.10; * significant at p ≤ .05; ** significant at  p ≤ .01; *** significant at p ≤ .001 
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Parameter estimates (see Table 8.27) showed self-reported valence significantly predicted all types of 
corrugator activity (all ps<.007) with the exception of area under the curve. Valence scores also 
significantly predicted all types of zygomaticus activity (all ps<.002) with the exception of area under 
the curve. Self-reported valence significantly predicted mean heart rate (p=.035) but not SD of mean 
heart rate. Self-reported valence predicted skin conductance activity (all ps < .001), with the exception 
of total SCR count, Results showed as valence scores become more negative, corrugator activity, mean 
heart rate and skin conductance activity all increase. Similarly, as valence scores become more 
positive, zygomaticus activity increases. In summary, valence scores during tender songs predict all 
types of physiological activity. 
 
Self-reported arousal ratings (see Table 8.28) significantly predicted mean heart rate (p=.039), 
showing as arousal ratings increased, heart rate decreased. Self-reported arousal ratings did not 
significantly predict any other physiological activity during tender songs.  
 
Table 8.27 
 
Parameter estimates showing results from multivariate regression of self-
reported valence predicting physiology for tender songs, showing each 
physiological variable as the outcome variables on the left, showing the 
regression weight, t-value test statistic and associated significance level, as 
predicted by self-reported valence 
 
Outcome variable B t Sig 
 
CORR Min -.23 -4.23 <.001*** 
Max -.17 -3.51 <.001*** 
Mean -.19 -4.16 <.001*** 
Integral -.19 -4.16 <.001*** 
PtoP -.14 -2.78 .006** 
Area .00 0.00 n/s 
ZYG Min .28 4.35 <.001*** 
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Max .24 3.56 <.001*** 
Mean .30 4.94 <.001*** 
Integral .30 4.94 <.001*** 
PtoP .22 3.20 .001*** 
Area .00 0.00 n/s 
ECG Mean -.13 -2.12 .035* 
SD .10 1.52 n/s 
EDA Total count .009 0.13 n/s 
Phasic Max -.17 -5.14 <.001*** 
Phasic Min -.27 -4.17 <.001*** 
PhasicMean -.28 -4.97 <.001*** 
 
Notes. n/s = >.10; * significant at p ≤ .05; ** significant at  p ≤ .01; *** 
significant at p ≤ .001 
 
 
 
 
 
 
 
 
 
 
 
 
Table 8.28 
 
Parameter estimates showing results from multivariate regression of self-
reported arousal predicting physiology for tender songs, showing each 
physiological variable as the outcome variables on the left, showing the 
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regression weight, t-value test statistic and associated significance level, as 
predicted by self-reported arousal 
 
Outcome variable B t Sig 
 
CORR Min -.02 -0.60 n/s 
Max .007 0.21 n/s 
Mean -.004 -0.14 n/s 
Integral -.004 -0.14 n/s 
PtoP .013 0.40 n/s 
Area .00 0.00 n/s 
ZYG Min -.03 -0.58 n/s 
Max .05 1.01 n/s 
Mean .02 4.94 n/s 
Integral .02 4.94 n/s 
PtoP .05 1.13 n/s 
Area .00 0.00 n/s 
ECG Mean -.09 -2.07 .039* 
SD -.04 -0.90 n/s 
EDA Total count -.06 -1.32 n/s 
Phasic Max .01 0.64 n/s 
Phasic Min .02 0.44 n/s 
PhasicMean .02 0.63 n/s 
Notes. n/s = >.10; * significant at p ≤ .05; ** significant at  p ≤ .01; *** 
significant at p ≤ .001 
 
 
 
8.4.5.2.3 Tense Songs 
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Overall model statistics showed all zygomaticus, heart rate and skin conductance activity was 
significantly predicted by self-reported emotional ratings (all ps<.05; See Table 8.29), with the 
exception of zygomaticus area under the curve, range, and maximum was marginally significant 
(p=.077). Self-reported emotion ratings only significantly predicted minimum corrugator activity 
(p=.006), no other corrugator measurements were significantly predicted.  
 
 
 
 
Table 8.29 
 
Model statistics for multivariate regression where self-reported emotion events predicted 
physiological activity for tense songs, showing the predicted physiological activity on the left, as 
each outcome variable, showing the F-ratio (F), degrees of freedom (Df1, Df2), associated 
significance level for the test (sig), partial eta-squared (ηp2 ) and the percentage of variance 
explained in the physiological outcome variable by the self-reported emotions 
 
Outcome variable F Df1 Df2 Sig ηp2 Variance 
explained (%) 
CORR Min 5.25 2 538 .006** .019 1.6 
Max 0.28 2 538 n/s .001 0.3 
Mean 1.32 2 538 n/s .005 0.1 
Integral 1.32 2 538 n/s .005 0.1 
PtoP 0.02 2 538 n/s .000 0.4 
Area 0.35 2 538 n/s .001 0.2 
ZYG Min 8.01 2 538 <.001*** .029 2.5 
Max 2.58 2 538 .077 .010 0.6 
Mean 7.02 2 538 .001** .025 2.2 
Integral 7.02 2 538 .001** .025 2.2 
PtoP 1.75 2 538 n/s .006 0.3 
Area 0.00 2 538 n/s .00 0.0 
ECG Mean 7.01 2 538 .001** .025 2.2 
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SD 3.77 2 538 .024* .014 1.0 
EDA Sum 10.17 2 538 <.001*** .036 3.3 
Phasic Max 12.27 2 538 <.001*** .044 4.0 
Phasic Min 4.41 2 538 .013* .016 1.2 
Phasic Mean 9.48 2 538 <.001*** .034 3.0 
Notes. n/s = >.10; * significant at p ≤ .05; ** significant at  p ≤ .01; *** significant at p ≤ .001 
 
 
Parameter estimates (see Table 8.30) showed self-reported valence significantly predicted all types of 
zygomaticus activity (all ps<.05) with the exception of area under the curve and range, which was 
marginally significant (p=.078). Valence scores also significantly predicted all skin conductance activity 
(all ps<.006), with the exception of minimum phasic activity. Results showed as valence scores become 
more negative during tense songs, zygomaticus activity increases, surprisingly, and skin conductance 
activity decreases. Self-reported valence scores did not significantly predict corrugator or heart rate 
activity during tense songs.  
 
 
 
 
Table 8.30 
 
Parameter estimates showing results from multivariate regression of self-
reported valence predicting physiology for tense songs, showing each 
physiological variable as the outcome variables on the left, showing the 
regression weight, t-value test statistic and associated significance level, as 
predicted by self-reported valence 
 
Outcome variable B t Sig 
 
CORR Min .03 0.59 n/s 
Max .02 0.29 n/s 
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Mean .01 0.19 n/s 
Integral .01 0.19 n/s 
PtoP .01 0.18 n/s 
Area -.04 -0.37 n/s 
ZYG Min -.17 -3.79 <.001*** 
Max -.10 -2.15 .032* 
Mean -.13 -3.10 .002** 
Integral -.13 -3.10 .002** 
PtoP -.08 -1.77 .078 
Area .00 0.00 n/s 
ECG Mean .05 0.85 n/s 
SD -.05 -0.88 n/s 
EDA Total count .24 4.12 <.001*** 
Phasic Max .13 3.63 <.001*** 
Phasic Min .09 1.24 n/s 
PhasicMean .17 2.82 .005** 
 
Notes: n/s = >.10; * significant at p ≤ .05; ** significant at  p ≤ .01; *** 
significant at p ≤ .001 
 
 
Self-reported arousal ratings (see Table 8.31) significantly predicted heart rate activity (ps<.02) and all 
skin conductance activity (all ps<.02), although total SCR count was marginally significant (p=.058). 
Arousal ratings also significantly predicted minimum corrugator activity (p=.002) and mean and overall 
zygomaticus activity (ps=.040), but no other facial EMG activity. Results showed as arousal ratings 
increased, reflecting higher arousal, skin conductance activity increased, total SCRs increased and 
heart rate (and variance) increased, unsurprisingly. Also as arousal ratings increased, mean and overall 
zygomaticus activity increased and minimum corrugator activity decreased. In summary, as expected, 
arousal ratings during tense songs did not strongly predict facial EMG activity, but did predict heart 
rate and skin conductance activity. As arousal scores increase, zygomaticus, heart rate and skin 
conductance activity all increase, whereas minimum corrugator activity decreases. 
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Table 8.31 
 
Parameter estimates showing results from multivariate regression of self-reported 
arousal predicting physiology for tense songs, showing each physiological variable as 
the outcome variables on the left, showing the regression weight, t-value test statistic 
and associated significance level, as predicted by self-reported arousal 
 
 
 
Outcome variable B t Sig 
 
CORR Min -.13 -3.18 .002** 
Max -.03 -0.68 n/s 
Mean -.07 -1.61 n/s 
Integral -.07 -1.61 n/s 
PtoP -.001 -0.12 n/s 
Area .07 0.74 n/s 
ZYG Min .04 1.23 n/s 
Max .03 0.70 n/s 
Mean .07 2.06 .040* 
Integral .07 2.06 .040* 
PtoP .02 0.58 n/s 
Area .00 0.00 n/s 
ECG Mean .16 3.66 <.001*** 
SD .11 2.59 .010** 
EDA Total count .09 1.90 .058 
Phasic Max .10 3.43 .001*** 
Phasic Min .15 2.72 .007** 
PhasicMean .16 3.36 .001*** 
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Notes: n/s = >.10; * significant at p ≤ .05; ** significant at  p ≤ .01; *** significant at p 
≤ .001 
 
 
 
8.4.5.2.4 Sad Songs 
Overall model statistics showed all types of physiological activity were significantly predicted by self-
reported emotional ratings (all ps<.05; See Table 8.32), with the exception of corrugator area under 
the curve, zygomaticus area under the curve, maximum and range, total SCR count and minimum 
phasic skin conductance activity, with the mean skin conductance activity marginally significant 
(p=.053).  
Table 8.32 
 
Model statistics for multivariate regression where self-reported emotion events predicted 
physiological activity for sad songs, showing the predicted physiological activity on the left, as 
each outcome variable, showing the F-ratio (F), degrees of freedom (Df1, Df2), associated 
significance level for the test (sig), partial eta-squared (ηp2 ) and the percentage of variance 
explained in the physiological outcome variable by the self-reported emotions 
 
Outcome variable F Df1 Df2 Sig ηp2 Variance 
explained (%) 
(adjusted) 
CORR Min 6.71 2 541 .001** .02 2.1 
Max 5.94 2 541 .003** .02 1.8 
Mean 11.57 2 541 <.001*** .04 3.7 
Integral 11.57 2 541 <.001*** .04 3.7 
PtoP 4.70 2 541 .009** .02 1.3 
Area 0.00 2 541 n/s .00 0.0 
ZYG Min 4.09 2 541 .017* .02 1.1 
Max 1.33 2 541 n/s .005 0.1 
Mean 7.48 2 541 .001** .03 2.3 
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Integral 7.48 2 541 .001** .03 2.3 
PtoP 0.91 2 541 n/s .003 0.0 
Area 0.00 2 541 n/s .00 .00 
ECG Mean 14.70 2 541 <.001*** .05 4.8 
SD 7.99 2 541 <.001*** .03 2.5 
EDA Sum 1.00 2 541 n/s .004 0.0 
Phasic Max 3.30 2 541 .038* .01 0.8 
Phasic Min 1.77 2 541 n/s .007 0.3 
Phasic Mean 2.96 2 541 .053 .01 0.7 
Notes. n/s = >.10; * significant at p ≤ .05; ** significant at  p ≤ .01; *** significant at p ≤ .001 
 
 
Parameter estimates (see Table 8.33) showed self-reported valence during sad songs significantly 
predicted mean and overall corrugator (ps<.05) and zygomaticus (ps<.003) activity, as well as 
minimum zygomaticus activity. Valence also predicted all heart rate activity (ps<.001) as well as mean 
and maximum phasic skin conductance activity (ps<.05). Results showed as valence scores become 
more negative, facial EMG activity increases, with both corrugator and zygomaticus activity increasing. 
Similarly, as valence scores become more negative during sad songs, heart rate increases whereas skin 
conductance activity decreases.  
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Table 8.33 
 
Parameter estimates showing results from multivariate regression of self-reported 
valence predicting physiology for sad songs, showing each physiological variable as 
the outcome variables on the left, showing the regression weight (B), t-value test 
statistic and associated significance level, as predicted by self-reported valence 
 
Outcome variable B t Sig 
 
CORR Min -.09 -1.31 n/s 
Max -.10 -1.38 n/s 
Mean -.17 -2.22 .027* 
Integral -.17 -2.22 .027* 
PtoP -.09 -1.26 n/s 
Area .00 0.00 n/s 
ZYG Min -.10 -2.32 .021* 
Max -.07 -1.51 n/s 
Mean -.12 -3.17 .002** 
Integral -.12 -3.17 .002** 
PtoP -.06 -1.28 n/s 
Area .00 0.00 n/s 
ECG Mean -.30 -5.37 <.001*** 
SD -.21 -3.94 <.001*** 
EDA Total count -.008 -0.16 n/s 
Phasic Max .06 2.52 .012* 
Phasic Min .07 1.55 n/s 
PhasicMean .09 2.33 .020* 
Notes. n/s = >.10; * significant at p ≤ .05; ** significant at  p ≤ .01; *** significant at 
p ≤ .001 
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Self-reported arousal ratings (see Table 8.34) significantly predicted all corrugator activity (all ps <.008) 
and mean and overall zygomaticus activity (ps<.05) but did not significantly predict any heart rate or 
skin conductance activity. Results showed self-reported arousal ratings during sad songs only predict 
facial EMG activity, particularly corrugator activity. As arousal ratings increase, reflecting higher 
arousal, facial EMG activity increases, predominantly in the corrugator muscle, but also average 
zygomaticus activity.   
 
For analyses exploring self reported events predicting physiology for each type of emotional event, 
see Appendix O. 
 
 
Table 8.34 
 
Parameter estimates showing results from multivariate regression of self-
reported arousal predicting physiology for sad songs, showing each 
physiological variable as the outcome variables on the left, showing the 
regression weight (B), t-value test statistic (t) and associated significance 
level, as predicted by self-reported arousal 
 
Outcome variable B t Sig 
 
CORR Min .21 3.33 .001*** 
Max .21 3.06 .002** 
Mean .30 4.11 <.001*** 
Integral .30 4.11 <.001*** 
PtoP .19 2.71 .007** 
Area .00 0.00 n/s 
ZYG Min .06 1.52 n/s 
Max .02 0.50 n/s 
Mean .07 2.01 .045* 
Integral .07 2.01 .045* 
PtoP .02 0.33 n/s 
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Area .00 0.00 n/s 
ECG Mean .02 0.38 n/s 
SD -.05 -0.93 n/s 
EDA Total count .07 1.39 n/s 
Phasic Max .02 -.64 n/s 
Phasic Min .05 1.17 n/s 
PhasicMean .03 0.84 n/s 
 
Notes. n/s = >.10; * significant at p ≤ .05; ** significant at  p ≤ .01; *** 
significant at p ≤ .001 
 
 
 
 
8.4.6 Aim 2: Investigating the Role of Interoception as Moderating the Relationship Between 
Physiological and Subjective Responses to Music 
 
8.4.6.1 Principal Components Analysis (PCA) on Interoception Measures 
A principal components analysis (PCA) was run to investigate the feasibility of collapsing the nine self-
report interoception measures into fewer scales to reduce the number of tests required. Simple 
structure was achieved when a two factor solution was forced, using oblique rotation. However, the 
factor correlations were all below .3, suggesting orthoganol rotation would be more appropriate. The 
PCA was re-run using varimax rotation, showing a similar pattern of results as with oblique rotation. 
However, following rotation, attention regulation and self regulation loaded on both factors, albeit 
with smaller loadings on factor two. Reliability analyses, discussed below, showed these two variables 
loaded onto factor one, not factor two. This solution explained 53.22% of the variance. Factor one was 
comprised of the PBPQ and emotional awareness, body listening, noticing, attention regulation, self 
regulation and trusting subscales of the MAIA, interpreted as interoceptive integration. Factor two 
was interpreted as response to negative signals, comprised of not distracting and not worrying 
subscales from the MAIA. Reliability analyses showed factor one, named interoceptive integration 
scale (PBPQ and emotional awareness, body listening, noticing, attention regulation, self regulation 
and trusting subscales of the MAIA) had a Cronbach’s Alpha of .80. This improved to .81 with removal 
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of the PBPQ, so it was decided to keep the PBPQ separate. Reliability analyses showed factor two, 
response to negative signals scale (not distracting and not worrying subscales of the MAIA) had a 
Cronbach’s Alpha of .73. 
 
Therefore, it was decided to include three self-reported measures of interoception: interoceptive 
integration scale, response to negative signals scale and PBPQ. Subscales were averaged (mean) to 
create overall scales for the three new interoception scales. A high score on interoceptive integration 
indicates good ability to be aware of physiological information and an ability to regulate oneself using 
the body and based upon this physiological information, thereby showing good integration between 
the mind and the body. A high score on response to negative signals indicates a good ability to non-
judgementally attend to negative physiological signals. A high score on the PBPQ indicates good 
awareness of physiological bodily processes.  
The heartbeat tracking task was used as an objective interoception measure, using Dunn et al.’s (2010) 
approach, where  a high score indicates interoceptive accuracy. This was calculated by taking the 
modulus of the actual value minus the estimated value by the participant, dividing this by the actual 
value and then multiplying by 100. This represents inaccuracy, so the inverse of this value is the 
measure of accuracy (100-((ABS(actual-estimated)/actual)*100) ). 
 
Correlations were run to examine relationships between these four interoception scales. 
Interoceptive accuracy and interoceptive integration were not normally distributed, so Spearmans 
correlations were run when these variables were involved. Other tests used Pearsons correlations. 
Only interoceptive integration and the PBPQ were significantly correlated, r =.25, p=.029. 
Interoceptive accuracy and response to negative signals were not correlated to any other 
interoception measures.  
 
8.4.6.2 Moderation Analyses 
Moderation analyses were conducted to investigate whether interoception moderates the 
relationship between physiological response and self-reported emotional response. Four measures of 
interoception were included in analyses, with each measure run as a separate moderator in a separate 
analysis to retain power. The four measures were the three newly created self-reported composite 
scales and one objective measure resulting from the heartbeat tracking task, as discussed above.  
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Each physiological measure of relevance was included, again with each variable used in separate 
analyses to avoid issues of multicollinearity of measures from the same type pf physiological process 
and also to avoid issues of power. For corrugator facial EMG, seven measures were tested: minimum, 
maximum, mean, SD, integral, area under the curve and difference between minimum and maximum 
(peak to peak – PtoP). The same measures were included for zygomaticus facial EMG. For ECG, mean 
and SD were included. For EDA, phasic minimum, phasic maximum, phasic mean and sum of SCRs 
were tested, meaning twenty physiological measures were tested, each in separate moderation 
analyses.  
 
Self reported emotional response was captured by the continuous measures of arousal and valence 
from the 2D emotion space, again each included in separate analyses.  
 
Separate analyses were run as it was deemed inappropriate to combine physiological measures from 
different physiological processes into a single composite as they measure different processes, with 
different meanings, on different scales. Similarly, it was not deemed possible to combine arousal and 
valence scores into a single variable, as this would require collapsing a 2D space into a 1D space. 
Therefore, many moderation analyses were run, using a hierarchical regression approach, where the 
IV and the moderator are included as separate predictor variables, then the interaction term of these 
two variables are included in a second block. A significant interaction effect is taken as evidence of a 
significant moderation by the moderator variable. Follow-up analyses utilised Hayes’ (2013) method, 
using the Johnson-Neyman technique applied to model 1 using PROCESS in SPSS. As standardised 
variables were used, there was no need to center the variables. The interaction terms for the 
moderation analyses were then created, by multiplying each standardised physiological variable by 
each standardised interoception variable. Separate moderation analyses were run, testing whether 
interoception moderated the relationship between each physiological measure and the self-reported 
arousal and valence scores that followed. Analyses then tested whether interoception moderated the 
relationship between self-reported arousal and valence scores and the physiological responses that 
followed these reported emotions, and these are reported in Appendices U and V. 
 
8.4.6.2.1 Benjamini-Hochberg Correction  
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Due to the large number of tests, a correction was necessary to control for multiple comparisons. As 
the usual Bonferroni approach would be too conservative with this number of tests, a Benjamini-
Hochberg correction (Benjamini & Hochberg, 1995; Acharya, 2014) for false discovery rates (FDR) was 
applied, with FDR set at .2. This approach ranks the p-values for all the tests in a single class from 
smallest to largest. Each p-value is then ascribed a rank (i), with the smallest being 1. The correction 
uses the formula (i/m)*Q, where i is the rank, m is the total number of tests and Q is the FDR, decided 
upon as .2 in this instance. This formula creates critical values, different for each test dependent upon 
ranking of the p-value. Each p-value is examined for whether it falls below the critical value or not. 
The highest ranked p-value that falls below the critical value is then found, and this test, along with all 
tests ranked lower irrespective of whether their p-values fall below their respective critical values, are 
taken to be significant. The advantages of this approach are firstly with a large number of multiple 
comparisons it avoids a high rate of false negatives, as is the case with the Bonferroni correction that 
controls for familywise error rate. Using a FDR controls for the proportion of significant results that 
are actually false positives. Secondly it is also less sensitive to what constitutes a family of tests, as the 
distribution of p-values remains the same irrespective of the number of tests included within a single 
family, yielding the same proportion of significant results, which is pertinent to the current study.  
 
Moderation analyses were run initially with overall averaged values for each person on each 
physiological measure predicting self-reported valence, then self-reported arousal, as moderated by 
each of the four interoception measures independently. Each interoception measure was treated as 
a separate class of tests, meaning four separate classes of tests, each containing 40 tests in total, 
because the analyses for self-reported valence and arousal were treated as the same class of test, as 
the same physiological data was investigated. This meant m=40 for the correction. The analyses were 
then repeated for each emotional song type (happy, tender, tense, sad) and each emotional event 
type (happy, tender, tense, sad).  Again, each song type and each emotional event type was treated 
as a separate class of test for the correction, meaning m=40 for all corrections.  
 
In total 1440 moderation analyses were run to investigate whether the relationship between 
physiology predicting self-reported emotion is moderated by interoception (160 moderation analyses 
were run on the overall averaged data, 640 moderation analyses for song type and 640 tests for 
emotional event type). As discussed previously, only song type analyses are included here. Analyses 
relating to type of emotional event can be found in Appendix S and T.  
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Participant 48 did not complete the heartbeat tracking task, so was excluded from all analyses using 
the objective interoception measures (interoceptive accuracy). In addition, participant 4 was excluded 
due to poor EDA data for all analyses using EDA measures. Participant 55 reported no sad emotional 
events, so they were also excluded from all analyses for sad emotional events.  
 
Due to the volume of tests, it was decided only to present results for the moderation effects 
(interaction terms) for tests with significant or marginally significant results before correction, which 
can be found below and in Appendix R.  
 
8.4.6.2.2 Interoception Moderating the Relationship of Physiology Predicting Self-Reported 
Emotion Averaged Overall by Participant 
There were no significant moderation effects following correction of any of the four interoception 
measures for any of the tests where data were averaged overall for each participant. However, results 
before correction (Appendix R) suggested interoceptive accuracy interacted with physiology in 
predicting valence scores. Results showed response to negative signals interacted with corrugator 
activity specifically in predicting valence scores. In contrast, interoceptive integration and PBPQ were 
involved in the relationship of physiology predicting arousal scores. Heart rate was shown to be 
unrelated to interacting with interoception when predicting self-reported emotion.  
 
 
8.4.6.2.3 Interoception Moderating the Relationship of Physiology Predicting Self-Reported 
Emotion Averaged Overall by Song Type 
 
8.4.6.2.3.1 Happy Songs 
For interoceptive accuracy, there were no significant moderation effects following correction. 
However results suggested interoceptive accuracy interacted with physiology in predicting valence 
scores primarily, as well as arousal scores less strongly.  
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Response to negative signals showed no role in moderating the relationship between physiology and 
self-reported emotion for happy songs.  
 
For PBPQ analyses, there were no significant moderation effects following correction for happy songs. 
However results suggested corrugator activity predicting arousal scores was moderated to some 
extent by PBPQ.  
 
Results showed interoceptive integration moderated the relationship between various measures of 
corrugator activity predicting arousal scores for happy songs, with measures of overall activity 
significant following correction (corrugator mean: p=.005; corrugator integral activity: p=.005). Follow 
up analyses showed for those with high interoceptive integration, as mean (Figure 8.1) and integral 
corrugator activity decreased, arousal scores increased for happy songs. For those with mid 
interoceptive integration, as mean and integral corrugator activity increased there was little change 
in arousal scores. In contrast, for those with low interoceptive integration, as mean and integral 
corrugator activity increased, arousal scores increased for happy songs. Results are interpreted as 
those with high interoceptive integration show the expected pattern of results, as potentially do those 
with middling interoceptive integration, whereas results are in the opposite direction as expected for 
those low on interoceptive integration. As corrugator activity is associated with negative valence, 
decreasing corrugator activity would be associated with increased happiness to happy songs. As 
happiness increases arousal levels increase, as per the 2D emotion quadrant. Therefore results suggest 
as corrugator activity decreases, this signal indicates to those with high interoceptive integration they 
are becoming happier, thus reporting increased arousal scores as happiness increases to happy songs. 
In contrast, those low on interoceptive integration appear to perceive any physiological signal 
increase, in this corrugator activity, as an indication of changing emotional state. The context is then 
used to label the change in emotional state, in this case as they are listening to a happy song they 
report increased happiness, reflected in increased arousal levels. Results could reflect that for those 
low on interoceptive integration they struggle to differentiate between cues indicating changes in 
valence as opposed to arousal states. For those with middling interoceptive integration there is no 
change in emotional state reported as corrugator activity increases, which could reflect either a 
disconnect between physiological change indicating to the individual a change in emotional state, or 
could reflect a recognition that corrugator activity is not related to arousal levels. 
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8.4.6.2.3.2 Tender Songs 
For interoceptive accuracy, there were no significant moderation effects following correction. 
However results suggested interoceptive accuracy marginally interacted with corrugator activity in 
predicting valence scores. 
 
For response to negative signals, there were no significant moderation effects following correction. 
However results suggested corrugator activity (area under the curve) predicting valence scores was 
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moderated to some extent by response to negative signals, with a marginal interaction with total SCR 
count from EDA in predicting valence scores.  
 
For PBPQ, there were no significant moderation effects following correction, with PBPQ only showing 
a marginally significant moderating effect for total number of SCRs predicting arousal scores for tender 
songs.   
 
Results showed following correction interoceptive integration significantly moderated the 
relationship between various measures of zygomaticus and EDA activity in predicting arousal scores 
for tender songs, along with total number of SCRs predicting valence scores being significantly 
moderated by interoceptive integration. (Predicting arousal: zygomaticus min: p=.007; EDA min: 
p=.008; zygomaticus mean: p=.011; zygomaticus integral: p=.011; EDA mean: p=.011; EDA max: p=.02; 
Predicting valence: EDA total no. of SCRs: p=.008). Follow up analyses showed for those with high and 
mid interoceptive integration, as zygomaticus activity increased (minimum, mean, integral (Figure 
8.2)), arousal scores decreased, with a steeper negative slope for those with high interoceptive 
integration. In contrast, for those with low interoceptive integration, as zygomaticus activity 
increased, arousal scores increased. Results are interpreted as for those high and mid on interoceptive 
integration, as zygomaticus activity increases to reflect increasingly positive valence of tender songs, 
there is a drop in arousal scores that reflects a move into the tender emotion quadrant in the self-
reported emotion space, reflected in decreasing arousal scores. In contrast those with low 
interoceptive integration misidentify a change in physiological cues of increasing valence as a change 
in arousal levels, and report subjective emotional changes to reflect this on the 2D emotion space.  
 
 
284 
 
 
 
Results also showed as EDA activity (maximum, mean, minimum (Figure 8.3)) increased, arousal 
increased and became less negative for those high on interoceptive integration. In contrast, as EDA 
activity increased for those low and mid on interoceptive integration, arousal scores decreased, 
becoming more negative, albeit more steeply for those low on interoceptive integration. Tender 
feelings in the 2D emotion space are characterised as positive valence and low arousal.  Results 
indicate as EDA activity increased to reflect decreasing feelings of tenderness, reflected in increasing 
physiological arousal, those high on interoceptive integration identified this by self-reporting 
increasing arousal levels. In contrast, those low and middling on interoceptive integration misidentify 
increasing physiological arousal as decreased self-reported arousal, reflecting an increase in feelings 
of tenderness. Results suggest those high on interoceptive integration are capable of perceiving 
changes in physiological arousal and these changes correctly influencing changes in self reported 
arousal levels. In contrast those low and middling on interoceptive integration appear to struggle to 
correctly reflect a change in physiological arousal in their self-reported arousal scores.  
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Results further showed interoceptive integration moderated the relationship between total number 
of SCRs and valence (Figure 8.4). For those high and mid on interoceptive integration, as total number 
of SCRs increased, showing increased arousal and therefore decreased tenderness, valence scores 
became less positive, reflecting the drop in tender feelings, with a steeper slope for those high on 
interoceptive integration. In contrast those low on interoceptive integration showed as total number 
of SCRs increased, valence scores became more positive. This again demonstrates that those high and 
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middling on interoceptive accuracy can identify physiological cues and correctly reflect these changes 
in their self-reported valence scores. It also again demonstrates that those low on interoceptive 
integration identify physiological changes in arousal states, but misidentify what this means in terms 
of self-reported emotion, instead simply reporting a change in self-reported emotion in the direction 
the context would dictate. In this case increasing positive feelings as they are listening to tender songs, 
which are characterised by positive valence.  
 
 
 
 
8.4.6.2.3.3 Tense Songs 
For interoceptive accuracy, there were no significant moderation effects following correction. 
However, results suggested interoceptive accuracy interacted with zygomaticus activity, particularly 
measures of overall activity (mean and integral), in predicting valence scores. 
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For response to negative signals, there were no significant moderation effects following correction. 
However results suggested EDA activity predicting valence scores was moderated to some extent by 
response to negative signals.  
 
For PBPQ analyses, results suggested corrugator and zygomaticus activity predicting arousal scores 
was moderated to some extent by PBPQ. However, results showed PBPQ significantly moderated the 
relationship between corrugator activity and valence scores (Figure 8.5), following correction 
(corrugator PtoP: p=.005; corrugator maximum activity: p=.015). Follow up analyses showed for 
participants with mid and high physiological awareness, as the range of corrugator activity increased 
(as measured by PtoP(peak to peak)), and as maximum corrugator activity increased, valence scores 
became less negative. In contrast, those with low physiological awareness show as the range in, as 
well as maximum, corrugator activity increased, valence scores became more negative. Results are in 
the opposite direction as would be expected, as tense songs are characterised by negative valence 
and increased corrugator activity. Results show those low on physiological awareness correctly 
identify increased corrugator activity with increasingly negative valence, in contrast to those with high 
or middling physiological awareness.  
 
Results showed interoceptive integration moderated the relationship between zygomaticus activity 
and heart rate variance in predicting arousal scores for tense songs, albeit these results were not 
significant following correction.  
 
 
8.4.6.2.3.4 Sad Songs 
For interoceptive accuracy, there were no significant moderation effects following correction. 
However, results suggested interoceptive accuracy marginally interacted with corrugator activity 
primarily, and zygomaticus activity, in predicting valence scores. 
 
For response to negative signals, there were no significant moderation effects following correction. 
However, results suggested response to negative signals played a marginal role in corrugator activity 
predicting arousal scores for sad songs, as well as in the relationship between minimum corrugator 
activity and valence scores.  
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For PBPQ analyses, results suggested zygomaticus activity predicting arousal scores was marginally 
moderated by PBPQ for sad songs. 
 
For interoceptive integration analyses, results suggested variance in heart rate activity and 
zygomaticus activity predicting arousal scores was marginally moderated by interoceptive integration 
for sad songs.   
 
As Critchley and Garfinkel (2017) proposed interoception plays a role in the efferent pathways 
between appraised emotions and physiological response, this was tested examining interoception 
moderating the influence of subjective emotions on physiological response. However, as this is not 
part of the usual definition of interoception, these analyses are not reported here, but can be found 
in Appendix U and V. 
 
 
8.5 DISCUSSION 
A summary of results will be presented for each aim before results are discussed. 
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8.5.1 Aim 1: Part 1: Does Physiology Predict Subjective Emotion Ratings? 
Results showed physiology predicts subjective emotions, supporting a James-Lange account. Overall, 
fEMG and ECG predicted valence scores, whereas zygomaticus and total number of SCRs predicted 
arousal acores. Valence scores were better predicted compared to arousal scores, with the exception 
of tense songs where explained variance was equivalent. Physiology explained most of the variance in 
valence scores during tender songs, whereas this was the case during tense songs for arousal scores. 
Physiology explained very little variance in arousal scores during tender songs. Physiology better 
predicted valence scores during low arousal songs compared to high arousal songs, whereas more 
variance was explained in arousal scores during high arousal songs compared to low arousal songs.. 
For positively valenced songs, fEMG and heart rate predicted valence scores. In contrast, fEMG did 
not predict valence for negatively valenced songs. Instead, number of SCRs predicted valence during 
tense songs and ECG predicted valence during sad songs. For low arousal songs, zygomaticus activity 
and ECG predicted arousal scores. For happy songs, only zygomaticus activity was predictive, with total 
number of SCRs marginal. For tense songs ECG activity predicted arousal. Corrugator activity was 
predictive of arousal and valence during sad songs. Results show different physiological patterns 
predict each dimension of subjective emotion, and patterns are also different depending on the 
emotion quadrant of the stimuli.  
 
8.5.2 Aim 1: Part 2: Do Subjective Emotion Ratings Predict Physiological Responses? 
Results showed subjective emotion predicts physiological responses, supporting a Cannon-Baird 
account, and this direction of influences presented more consistent and comprehensive results, 
suggesting subjective emotions strongly influence subsequent physiological responses. Again, the 
relationship was stronger between subjective valence and physiology, with subjective arousal only 
predicting physiological responses during negatively valenced songs. Similarly to above, arousal scores 
most strongly predicted physiology during tense songs, whereas valence most strongly predicted 
physiology during tender songs.  
 
Overall, valence predicted fEMG and ECG, but not EDA, whereas arousal scores predicted zygomaticus, 
ECG and EDA, but not corrugator activity. Subjective valence strongly influenced all physiology during 
positively valenced songs, but had much less of an influence during negatively valenced songs on fEMG 
activity. During tender songs, all physiology was predicted by valence, and for happy songs valence 
predicted zygomaticus, ECG and EDA activity. In contrast for sad songs valence scores did predict all 
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physiological measures, but only predicted minimal measures of fEMG. For tense songs valence scores 
only predicted ECG and EDA. Arousal scores showed a much more inconsistent predictive pattern. 
During happy songs they only predicted zygomaticus activity, they only predicted ECG activity for 
tender songs. For sad songs arousal scores predicted fEMG, with strong corrugator activity, and 
minimal zygomaticus activity. For tense songs arousal scores predicted all physiological measures, 
albeit minimal measures of both fEMG. Total number of SCRs were only predicted by subjective 
emotion during tense songs.  
 
8.5.3 Interpretation of Findings 
The current study provides evidence for both James-Lange account of emotional experience and the 
Cannon-Baird account of emotion, with consistent patterns of different physiology related to different 
subjective emotional experiences, depending upon emotional context. However, James-Lange 
account was supported by more specific physiological patterns predicting subjective emotion, 
compared to patterns subsequent to subjective emotions. One explanation could be the Cannon-Baird 
model was more supported by the results. Alternatively, results could suggest that when physiology 
predicts subjective experience this is from specific autonomic patterns, as James-Lange account 
proposes. In contrast, when subjective emotional experience influences physiology, this is in a general 
and non-specific way, therefore activating autonomic responses generally. This would explain why 
evidence is found for both accounts, suggested here as determined by whether autonomic responses 
are captured before or after subjective emotional experience. This would be an interesting avenue for 
future research to explore.  
 
The current study found physiology explained 6-10% of the variance in subjective valence and 
between 2-6% of the variance in subjective arousal. Li, Baveye, Chamaret, Dellandréa and Chen (2015) 
attempted to relate continuous arousal ratings to films to continuous GSR signals, to ascertain the 
temporal nature of emotional responses. Whilst correlations were significant, they were small, 
accounting for under 7-11% of the variance, which aligns with the current study results. The somatic 
marker hypothesis states that somatic body-state representations may not necessarily be expressed 
in the body, but may only be present in the brain’s representation of the body (Damasio, 1996). This 
offers one potential explanation for the small variance accounted for between physiological and 
subjective reports of emotions.  
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Overall results showed physiology was more strongly related to subjective valence. Previous work 
shows physiological measures classify arousal more accurately compared to valence, whereas the 
current study found physiological measures predicted subjective valence more than arousal. Only one 
classification study by Naji, Firoozabadi and Azadfallah (2014) showed valence as better predicted 
from physiology compared to arousal. It is suggested the current study results could be due to using 
a continuous measure of subjective emotion, therefore capturing actual emotional responses 
throughout. As people seem to characterise their subjective emotion in terms of valence (discussed 
below and elsewhere), having such accurate subjective measures would therefore lead to stronger 
relationships between physiology and valence. It is therefore suggested classification studies should 
work to improve subjective emotion measurement going forward to improve prediction accuracy of 
valence. 
 
An extension of the previous point is physiology was strongly related to subjective valence, particularly 
during positive songs. Subjective valence during songs in the low arousal space better predicted 
valence as well, suggested as a lack of arousal saliency. This contrasts to previous research showing 
negative emotions are characterised by stronger autonomic responses than positive emotions 
(Cacioppo et al., 2000). One explanation is more positive subjective emotions were experienced than 
negative emotions in the current study, and subjective emotions during negatively valenced songs 
were much more mixed compared to emotions during positively valenced songs, which may have 
impacted results. Previous studies that find stronger autonomic responses to negative emotions may 
have used consistently negative stimuli, whereas music by its temporal nature elicits a range of 
emotions within a single piece (Västjfäll, 2002), therefore necessitating continuous measurement. 
Alternatively results could show that music elicits stronger autonomic responses to positive emotions 
due to the pleasurable nature of music, as opposed to other emotionally evocative stimuli, with 
stronger positive emotions generally, as supported by the PAT results. Further, EDA was related to the 
fewest number of subjective emotional experiences, lending support to Blood and Zatorre’s (2001) 
findings of EDA not being activated to chills, amongst other studies. Results overall suggest physiology 
is related to subjective emotion, but the particular physiological measure is important, and 
differentiated based upon emotional context of the stimuli. Physiological measures traditionally 
conceptualised as reflecting only valence or arousal are actually more complex in their relationship to, 
and explanation of, self-reported emotion when examined using a range of parameters and different 
emotional contexts. Therefore, previous inconsistent results in the literature are suggested as being 
in part resulting from methodological approach. Thus, more work is needed that utilises 
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comprehensive and systematic approaches to build a more generalisable pattern of results regarding 
the relationship between physiology and subjective emotion to music, such as in the current study.   
 
Aligned with the previous point, future work should utilise distinct measures of valence and arousal, 
and not conflating the two, as the current study demonstrates they behave distinctly and are related 
to separate physiological responses. One potential explanation for the mixed findings in previous 
psychophysiological and music research could be due to manipulating along both dimensions 
simultaneously with the music, or along only one dimension. If only one dimension is manipulated, 
and it is arousal, and people find arousal difficult to differentiate, then physiological and subjective 
ratings will not align, as with Iwanaga et al.’s (2005) findings. Also, when there is an assumption that 
responses are universal to music, as the stimuli determines the response, rather than the listener 
constructing the response, then findings are confused and mixed and physiology does not match 
psychological results. 
 
What the results together show is that the relationship between physiology and subjective valence 
(fEMG and ECG) and the relationship between physiology and subjective arousal (zygomaticus, ECG 
and EDA) is comprised of the same physiological measures whether preceding or following subjective 
emotion. This suggests a clear and consistent pattern of physiological measures that relate to different 
dimensions of subjective emotional experience. These results therefore suggest the importance of 
utilising multiple measures of physiology (Cacioppo & Tassinary, 1990) and demonstrate mixed 
findings in previous work may have resulted from methodological approach. Further, current results 
support previous research (Kim & Andre, 2008; Witvliet & Vrana; 2007; Ogg et al., 2017; Kroupni et 
al., 2013) that challenged traditional divisions of physiological measures (fEMG for valence, ECG and 
EDA for arousal). For example, results here show that for positively valenced songs fEMG is associated 
with valence scores whereas this is not the case for negatively valenced songs. This is again consistent 
whether physiology precedes or follows subjective emotion. This shows that fEMG is less an indicator 
of valence, and instead an indicator of valence during positively valenced songs. These results also 
show that the relationship between physiology and subjective emotion can be separated along the 
conceptual valence dimension, into positively valenced and negatively valenced spaces. 
 
In contrast, subjective arousal behaves differently. Songs in the low arousal space can be characterised 
together, whereas songs in the high arousal space are different. When physiology precedes subjective 
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emotion, predictive relationships are characterised by songs from a low arousal space showing 
zygomaticus and ECH predict subjective arousal. In contrast, for the high arousal space different 
physiology predicts subjective arousal during happy compared to tense songs, but both emotion 
spaces demonstrate only a single physiological measure predicts subjective arousal. This was 
zygomaticus during happy songs, showing positive valence dominance and replicating findings from 
Ogg et al. (2017). In contrast ECG predicted subjective arousal during tense songs, a traditional 
measure of arousal.  
 
When physiology follows subjective arousal the picture is then different. In this instance songs are 
separated based on valence. That is positively valenced songs can be characterised as a single space, 
with subjective arousal predicting only a single physiological measure for both types of positively 
valenced songs. In contrast, the negatively valenced space has to be separated into sad songs and 
tense songs. During sad songs, subjective arousal predicts fEMG (historically a valance measure) 
showing sad songs arousal scores lead to physiological valence changes, whereas during tense songs 
subjective arousal influences all physiology. To summarise, when physiology precedes subjective 
emotion, physiology that predicts subjective arousal differentiates between the high and low arousal 
spaces of emotional stimuli. However when subjective emotion predicts physiology, this is different 
and subjective arousal differentiates between the positive and negative valence spaces of emotional 
stimuli. These results further support findings in study one and two suggesting people experience 
subjective emotions differentiating along the valence dimension, rather than arousal, showing a poor 
understanding or experience of arousal potentially. This will be discussed in more detail in the general 
discussion.  
 
Results also show tense and sad songs elicit more mixed emotional responses compared to positively 
valenced songs. Results suggest tense songs are subjectively experienced almost exclusively 
associated to arousal, rather than valence. Results again support patterns from study one and two 
that tense and sad music-evoked emotions are distinct compared to other music-evoked emotions, 
which will be discussed in detail in the general discussion. Laurier and Herrera (2012) classified 
negative activating music more accurately than other types of music, such as happy, sad and relaxed. 
The current study results showed tense music had equivalent subjective emotions of valence and 
arousal predicted by physiological signals, whereas valence was more strongly predicted for other 
song types. Similarly, subjective arousal ratings for tense music strongly predicted physiology, 
suggesting some similar results to Laurier and Herrera (2012) if considering arousal scores. Their study 
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was focussed on emotions conveyed in the music, whereas the current study related to felt emotions. 
However, as study two found felt tense music (associated with tense memories) elicited similar 
emotional profiles to matched tense music, suggesting something inherently tense about the music 
itself, previous studies focussing on tension recognised in the music are valid here.  
 
8.5.4 Aim 2: The Role of Interoception as Moderating the Relationship Between Physiological and 
Subjective Emotional Responses to Music 
Results showed interoception moderates the relationship between physiological and subjective 
emotional responses to music, with different aspects of interoceptive ability moderating the 
prediction of self-reported valence compared to arousal. Primarily interoceptive accuracy and 
response to negative signals marginally moderate the relationship between physiology influencing 
subjective valence, whereas PBPQ and interoceptive integration moderate the relationship between 
physiology influencing subjective arousal. Interoceptive integration was the most important 
moderating aspect of interoception. Results also showed interoceptive integration moderates the 
positive valence song space, whereas PBPQ moderates the negatively valenced song space, although 
there were no significant moderation effects during sad songs. . 
 
Interoception moderated the relationship between fEMG (and EDA) on subjective emotion. 
Interestingly relationships that were significantly moderated were distinct to those that were 
significant without moderation in earlier multivariate regression analyses. Specific physiological 
measures were relevant dependent upon emotion type, particularly emotion of song, as well as being 
dependent upon aspect of interoceptive ability. Interestingly interoceptive accuracy, as measured by 
heartbeat tracking, seemed unrelated to heart rate predicting felt emotion, and was not a significant 
moderator. It seems perhaps odd that awareness of one’s heartbeat is the measure of physiological 
awareness but then has no relationship to one’s heart rate predicting subjective emotion. ECG was a 
strong predictor of subjective emotion in analyses for aim 1, but was not significantly moderated in 
analyses for aim 2. This supports the notion that heartbeat tasks are not representative measures of 
interoception (Ring et al., 2015; Kleckner et al., 2015). The current study suggests interoceptive 
integration plays a stronger role in emotional experience. Broadly results show different aspects of 
interoceptive ability influence different aspects of physiological response influencing subjective 
emotion. This supports the need for more theoretical work to be undertaken to better understand the 
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different aspects of interoception as it relates to different representational and regulatory processes, 
and for this work to lead to superior definitions and thus measurement.  
 
Examination of the moderation effects also showed an interesting pattern of results. Results also 
suggested that those high on interoceptive integration accurately identify physiological signals of 
arousal and valence and use these to identify changes in self-reported arousal and valence, specifically 
for positively valenced songs. Those with middling interoceptive integration can identify changes in 
physiological signals of arousal and valence but these are only used to influence changes in self-
reported valence, not self-reported arousal. Those low on interoceptive integration seem to identify 
changes in physiology but report any change as influencing an increase in the expected emotion based 
on the context. What these results mean is incredibly interesting. Those high on interoceptive 
integration seem to use physiological cues more so than environmental cues to identify subjective 
emotional experience. They seem to achieve this by being adept at integrating valence and arousal 
cues in a specific, nuanced and combined manner. On interoceptive integration only achieve this for 
subjective valence. Those middling  In contrast, those low on interoceptive integration appear to 
misidentify cues and seem to be able to detect physiological signals generically but are only able to 
appraise them based on the external stimuli, therefore leading to subjective emotions determined by 
the musical stimuli, rather than the physiological signals. This suggests that those high on 
interoceptive ability perform as proposed by a James-Lange model, whereas those low on 
interoceptive ability behave as posited by a Schacter-Singer account of emotion. Those middling sit 
somewhere in between. This is incredibly interesting and potentially of huge value to the field, 
warranting future studies. If this findings is repliucated it would potentially explain not only mixed 
findings relating to physiology and subjective emotion, but also mixed findings relating to 
interoception. For example, it could underpin why some suggest interoceptive ability is characterised 
by an inverted U-shape curve whereas others propose a positive linear relationship to successful 
functioning, as discussed in the general introduction, explained by different interoceptive abilities. 
Barrett, Gross, Christensen and Benvenuto (2001) state individuals vary on their ability to differentiate 
emotional experiences and better differentiation was positively related to emotion regulation, 
particularly for negative emotions. The current study findings suggest this differentiation is 
underpinned by interoceptive ability, and therefore interoception underpins successful emotion 
regulation. Further, these results demonstrate the potential (and need) for an intervention that trains 
interoceptive ability, given the differing abilities and the impact of these. 
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However, of interest is for tense songs, those low on interoceptive ability performed as would be 
expected, whereas those high and middling in interoceptive ablity did not.  Results may indicate those 
high and middling on physiological awareness may attend to arousal more strongly to identify feelings 
of increasing tension, therefore characterising tension by high arousal rather than negative valence 
from corrugator activity. Alternatively, results could suggest that those low on physiological 
awareness are better at using physiological cues of negative valence to identify changes in self-
reported negative valence. Whilst the corrugator supercilii is nowadays used to reflect negative 
valence and sadness (Tassinary et al., 1989), Duchenne de Boulogne (1862, translated 1990) noted 
this muscle group as reflecting pain, whereas the depressor angulis oris as the muscle of sadness and 
zygomaticus minor (and levator labii superioris) reflecting weeping. Therefore, findings that increases 
in corrugator activity to tense music, also make sense if applying Duchenne’s model, rather than more 
modern applications, as tension is similar to pain in a 2D emotion space. Ogg et al. (2017) found 
zygomaticus major to be sensitive to both high arousal and positive valence, whereas corrugator 
supercillii muscles were only activated in response to negatively valenced stimuli. These contrasting 
results previously and in the current study could mean the role of the corrugator muscles are 
misunderstood, in fact reflecting negative activation, rather than negative valence, thereby meaning 
high and middling interoceptive integrators in the current study actually behaved as expected, and 
conflate subjective valence and arousal in their experience of tense music. This suggestion is 
supported as tense songs in the current study were shown to be distinguished simply by arousal. More 
work is needed to understand the role of tension to music, fEMG and the role interoceptive integration 
plays. Taken together with other results, the current study strongly suggests tense songs are 
categorised and experienced as related to arousal only, not valence. 
 
Critchley and Garfinkel (2017) propose top-down processes theorised in an interoceptive predictive 
coding model as capable of influencing PNS responses via efferent pathways. This was tested, as seen 
in Appendix XX, and found support for this proposition, although this is outside of traditional 
interoception conceptions so has not been focussed on here. More work should begin to examine how 
interoception may be involved in physiological responses that result from subjective emotional 
experience.  
 
As a final point, overall results across analyses in this study show tender and tense songs most 
distinguished when examining physiological and subjective responses to music. This is interesting 
given much work in the music-evoked emotion field focuses on the happy-sad dichotomy. In contrast, 
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this tense-tender dichotomy, whilst just as problematic in terms of conflating two dimensions into 
one, perhaps reflects previous work that has compared excitative/stimulative music to 
sedative/calming music, as reviewed in the general introduction. Much of this work has been 
conducted in the field when using physiological methods, thereby demonstrating the dichotomous 
approach of excitative-calming makes sense when using physiological methods, even if this was 
uninformed in previous work. However, this could not have been identified without including the 
other two quadrants, and therefore using stimuli for all four quadrants is still considered the best 
approach. 
 
8.6 LIMITATIONS 
Each subjective emotional event was treated as an individual case. This means nested data was not 
treated as such. A multilevel model approach was explored, but the number of variables would have 
needed to be substantially reduced for it to be performed. As an exploratory study, it was decided 
comprehensive insight and identification of individual relationships was favoured. However with the 
knowledge from the current study, future work should aim to reduce the number of physiological 
variables, potentially based on emotion quadrant and subjective emotion dimension in question, and 
perform multilevel modelling. An alternative approach would be to use classification approaches to 
avoid issues of phase relating to different temporal dynamics of the different measures, working in 
the spectral space instead. 
 
Related to the above, it is proposed there was a lot of noise in the current data, particularly examining 
all events within a song, rather than each emotional event type within each song type. Kim and Andre 
(2008) found when examining each quadrant separately, classification rates varied immensely 
between participants and also depending upon emotion quadrant, although these ranged from 81-
91%, however when considering the three participants together this fell to 65%. Prediction rates were 
also superior when examining arousal and valence, rather than the quadrants separately. This 
demonstrates the value of treating physiological patterning to predict emotional state at an individual 
case study level, and comparing dimensional results to quadrants prediction rates. Future work should 
also take this approach, and ensure not only the four quadrants are examined, but also the 
dimensionaly spaces (e.g. “high arousal songs”; “low arousal songs”; “positive valence songs”; 
“negative valence songs”),  as well as the approach used in the current study. 
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Results from the heartbeat tracking task were analysed using both Garfinkel et al. (2015) approach, to 
differentiate accuracy from sensitivity, and using Dunn et al.’s (2010) approach. Whilst these two 
approaches were correlated, it was concluded that Dunn’s approach was superior, with non-sensical 
results for some participants using the other approach. It was also shown that distinguishing between 
accuracy and sensitivity was not useful and added nothing to the study. It is therefore recommended 
to use the traditional approach and challenges the proposed three dimensions from Critchley and 
Garfinkel (2017), suggesting these are artefacts of measurement. Whilst there is some sense to the 
distinguished dimensions of interoception, it is suggested the Garfinkel et al. (2015) way of measuring 
them is not useful or reflective of the potential dimensions.  
 
The visceral sensations of emotional experience are often subjectively perceived not as physiological 
changes, such as an increase in heart rate, but instead are perceived as bodily sensations, such as a 
“lump in the throat” or “stomach sensations” (Breugelmans, et al., 2005). It is the perception of these 
bodily sensations, due to interoceptive ability, that are interpreted within a particular context and give 
rise to subjective experience of emotion, as posited by the SMH (Damasio, 1996). Therefore future 
work should consider investigating physiological sensations as bodily sensations, rather than ANS 
signals, to subjective emotion.  
 
It was not possible to calculate a priori sample size calculations and therefore a comment about 
sample size needs considering. The most similar study to the current study was conducted by Juslin, 
Eerola and Harmat (2013). They had twenty participants in a repeated-measures design, measuring 
self reported emotions to music as well as physiology, with a four level IV and fifteen DVs comprised 
of felt emotion scales and four physiological measures. They used a single piece of music two minutes 
long. The current study used a similar design, but with seventy-seven participants, therefore the 
sample size in the current study was deemed more than sufficient.  
 
 
8.7 SUMMARY 
Results show physiology and subjective emotion influence each other, but the particular physiological 
measure is important, and differentiated based upon emotional context of the stimuli. Physiological 
measures traditionally conceptualised as reflecting only valence or arousal are actually more complex 
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in their relationship to, and explanation of, self-reported emotion when examined using a range of 
parameters and different emotional contexts.  Songs can be characterised effectively as four 
quadrants, but also as high/low arousal spaces, or positive/negative valence spaces, lending support 
to previous work focussing on dichotomies, although the four quadrants approach is superior.  
 
Previous mixed results in the literature are in part the result of methodological approach, and more 
comprehensive and systematic studies are encouraged to build a more consistent, generalisable 
picture of the nuanced relationship between physiology can subjective music-evoked emotion, 
particularly given the interesting insights this can offer to emotion theory more generally. 
 
Results also showed interoception plays a moderating role between music-evoked physiological 
response and subjective emotion, showing level of interoceptive ability determines which emotion 
model explains physiological integration into subjective experience of emotion. Results demonstrate 
higher interoceptive ability leads to better emotional congruency between physiology and subjective 
experience, with more emphasis given to physiological signals rather than the context. These results 
show a direct link between interoceptive ability and emotional experience and how this would 
underpin emotion regulation processes. Therefore, results from the current study strongly justify 
developing a music-based listening intervention to train interoceptive ability to impact emotion 
regulation. That intervention is tested in the following study. 
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9. CHAPTER NINE: STUDY FOUR: “TUNING IN”: CAN MUSIC TRAIN INTEROCEPTIVE ABILITY, 
TO ENHANCE EMOTION REGULATION? 
9.1 OVERVIEW 
As study three identified, music has the ability to manipulate emotional state, both physiologically as 
well as subjectively, and this is moderated by interoceptive ability. Therefore, it is reasonable to 
assume emotive music listening could be harnessed to train interoceptive ability, which in turn could 
benefit wellbeing. Therefore, the current study addresses the final question posed in the general 
introduction for this thesis: can music train interoceptive ability, to enhance emotion regulation? To 
test this, a music listening was designed to train interoceptive ability during a range of emotional 
states. This was compared to other conditions. 
 
STUDY FOUR: “Tuning In”: Can Music Train Interoceptive Ability, To Enhance Emotion Regulation? 
 
9.2 INTRODUCTION 
To create a music-based therapeutic experiential and biological intervention it is reasonable to assume 
that the relationship between somatic responses to music and subjective experience is moderated by 
interoception. This had not been tested previously until the work in this thesis, which evidenced 
support for this assumption. If the goal is to improve emotion regulation, one must be aware of 
emotional experience, which is emotional awareness. One must therefore be aware of what the body 
is signalling to then appraise these signals in the context to recognise their emotional state, leading to 
what they are subjectively feeling. Therefore, to improve emotional awareness, one must improve the 
integration between somatic and cognitive indices. It makes logical sense to therefore attempt to train 
interoceptive ability with music as the emotional stimuli, as a first step to using music to improve 
emotion regulation. In order to achieve this, it was not only important to understand what emotional 
music does to the body, but was also crucial to investigate in study three what role interoception plays 
in the relationship between physiological and subjective music-evoked emotion. 
 
Study three suggested different interoceptive ability leads to different processes in integrating 
physiological signals into subjective emotional experience, showing the higher the interoceptive 
ability the better. This explains and supports Barrett et al.’s (2001) findings that there is large 
301 
 
differentiation in specificity of emotional experience, with the more specific differentiation positively 
related to successful emotion regulation. This is further supported by evidence suggesting good 
interoception is linked to subjective emotional experience (Terasawa, Fukushima & Umeda, 2013), 
good emotion regulation (Fogel, 2013; Füstös et al., 2012), enhanced intuitive decision-making (Dunn 
et al., 2010), empathy (Fukushima, Terasawa & Umeda, 2011; Cox, Uddin, Martino, Castellanos, 
Millham & Kelly, 2012), social interactions (Wells & Papageorgiou, 2001) and a variety of self-
representational and cognitive processes (Critchley & Garfinkel, 2018), particularly higher-order 
cognition (Murphy, Brewer, Catmur & Bird, 2017). Further evidence of interoception’s role in 
emotional experience is demonstrated by Terasawa, Shibata, Moriguchi and Umeda (2013) used fMRI 
and mediation analyses, showing individual differences in insula activation were correlated with 
individual differences in personality. Right anterior insular activation was positively correlated with 
social anxiety and neurticism and negatively correlated with agreeableness and extraversion, 
suggesting higher interoceptive awareness to bodily sensations can lead to more intense negative 
subjective emotional experiences across situations. Pollatos, Herbert, Matthias and Schandry (2007), 
showing those with higher interoceptive ability show greater levels of arousal and greater heartbeat 
evoked potentials (Herbert, Pollatos & Schandry, 2007), for emotional pictures compared to 
participants with lower interoceptive ability. Training interoception is therefore an important pursuit, 
and therefore the proposed mechanism the designed intervention will target. This is also feasible as 
evidence suggests interoception can be trained as contemplative practitioners (such as mindfulness 
practitioners) show enhanced interoception (Farb, Segal & Anderson, 2013).  
 
It is proposed that under a predictive coding model, the mismatch between predicted and experienced 
body states underpin many modern affective and psychosomatic disorders (Farb et al., 2015). It is also 
proposed that contemplative practice, such as mindfulness or meditation practices, can better 
integrate the mind and body experience through more adaptive appraisal processes. Further evidence 
demonstrates breath-based practices train enhanced performance on respiratory interoceptive 
accuracy, demonstrating interoceptive awareness can be trained. Therefore work supporting the role 
of meditation on training interoception is promising. Research with meditators compared to controls 
suggests not only does meditative practice train interoceptive ability (Farb et al., 2013) but this leads 
to different networks recruited for (better) decision-making as a result of enhanced emotion 
regulation (Kirk, Downar & Montague, 2011).  
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The importance of wellbeing and resilience is increasingly recognised (Zapf, 2002) and is a particular 
focus of positive psychology. Mindfulness meditation is a practice that enhances awareness of what 
is happening in the present moment, including emotions, using awareness without judgement, 
coupled with compassion, to make choices. An enhanced knowledge of emotions through awareness 
leads to improved emotional differentiation and therefore regulation (Hill & Updegraff, 2012). 
Mindfulness achieves this as it is a practice of a particular type of paying attention, derived from 
eastern philosophy, is heralded as a panacea for modern life. Research into mindfulness has exploded 
in recent years, showing benefits in alleviating physical and mental symptoms associated with 
addiction, cancer, students, chronic pain, corporate life, stress and burnout, eating disorders, CBT, 
depression, emotion regulation, attention, cognitive flexibility, anxiety, pregnancy, trauma, self-
awareness and resilience, affect labelling and psychological health (Williams et al., 2008). Mindfulness 
is separated in five tenets: observing, describing, acting with awareness, nonjudging of inner 
experience and nonreactivity to inner experience. Research shows mindfulness predicts psychological 
health and wellbeing, with the observing facet of particular relevance to psychological adjustment 
(Baer et al., 2008), as well as predicting reductions in negative symptoms. Mindfulness is posited to 
improve quality of life, personal growth, openness to change, spirituality, self-control, non-
judgemental awareness in everyday life, and compassion (Vettese et al., 2009). Benefits can be 
observed after a small amount of intervention, in some cases three sessions of twenty minutes (Zeidan 
et al., 2010), with established effects evidenced after fifteen minutes of practice per day for two 
weeks, although the standard course is eight-weeks long. The body scan is a particular mindfulness 
practice that initially requires the participant to focus on, observe and experience their breathing. 
Following this they are invited to extend a similar type of awareness and attention to different parts 
of their body, encompassing the whole body. This practice is particularly focussed on fostering somatic 
awareness and is potentially the mindfulness practice that most closely relates to interoception. 
Research supports this by demonstrating mindfulness improves interoception. This suggests 
interoception can be trained and justifies an intervention focussing on somatic awareness as a useful 
tool for developing interoceptive ability.  
 
However, it is argued here that meditative practices tend to increase focussed attention or reduce 
arousal state. This means training interoceptive awareness in these circumstances potentially only 
enables tolerance of physiological-emotional states that are positive. In contrast, during interoceptive 
exposure therapy, highly anxious states are precipitated so an individual learns to tolerate and 
regulate this somatic, physiological and emotional state. It is therefore proposed here that an 
intervention that induced a variety of states, both positive and negative, and required awareness of 
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these manipulated states would be more beneficial to training generalised interoceptive awareness 
that underpins emotion regulation than contemplative practice approaches. Therefore music is 
proposed as an effective stimulus to induce these changing states.  
 
As just discussed, one criticism of meditation practices is they tend to train a focus on a single somatic 
signal, such as breath, and tend to train calm states. This is therefore divorced from the experience of 
changing emotional states experienced in everyday life. Music is therefore a sensible tool to use to 
train interoceptive ability for a range of emotional states, as it has the capacity to manipulate the full 
emotional space, as this thesis, and previous work, evidences. Schafer et al. (2013) demonstrate the 
two main functions of music listening are to regulate mood and arousal and to develop self-awareness. 
Music listening is a common emotion regulation tool. Studies suggest that when music is utilised for 
emotion regulation, there are individual differences in whether people choose music to mood match 
or mood change, particularly if in a negative mood. These differences and the related choices and 
regulation strategies have implications for outcomes both in the short term and in the long term 
(Shifriss, Bodner & Palgi, 2015; McFerran, 2016). However, music’s capacity to elicit pleasurable 
responses, even during negative emotional songs (such as sad songs) is potentially one reason music 
is effective for emotion regulation, as negative emotions are experienced as also pleasurable when in 
response to music listening. Further, the listener’s ability to select the music, and therefore their 
emotional state, demonstrates a level of control and thus agency that is perhaps experienced to a 
lesser extent in everyday emotional life. Randall, Rickard and Vella-Brodrick (2014) used an app-based 
experience sampling method to investigate how music is used to regulate emotion in everyday life 
and found emotion regulation to music is different from non-music emotion regulation. The previous 
suggestion could be one explanation for this. An alternative explanation is evidenced by Randall and 
Rickard’s (2017) personal music listening model, showing music is used to achieve emotional 
homeostasis, rather than increasing hedonic states, and music’s capacity to induce the full emotional 
space, whilst being widely and easily available, is therefore a popular approach. 
 
White and Rickard (2015) demonstrate the use of music to regulate, as well as induce, emotions, albeit 
through instructions, rather than the music per se. Becknell et al. (2008) discuss music’s ability as an 
emotion regulation tool, focussing on heavy metal music. Furthermore, Chin and Rickard (2014) show 
that music listening for cognitive and affective regulation improves wellbeing, particularly if utilising a 
cognitive reappraisal emotion strategy. Papinczak, Dingle, Stoyanov, Hides and Zelenko (2015) 
propose modifying emotions, modifying cognitions, emotional immersion and relationship building as 
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the reasons music listening influences wellbeing in young people. Zoteyeva, Forbes and Rickard (2016) 
show veterans manage PTSD with music as emotion regulation, and this links to wellbeing and mental 
health outcomes. Castillo-Pérez et al. (2010) found a 50 minute, daily listening music intervention to 
be superior to psychotherapy on depressive symptoms following an eight week intervention. This 
demonstrates music listening’s capacity to be effective for mental health issues. Gupta and Gupta 
(2015) showed music listening 30 minutes a day for twenty days significantly improved depression, 
anxiety, stress, life satisfaction, hope, optimism and meaning in life for both coronary heart patients 
and healthy controls. However, some evidence suggests an important role of music in enhancing 
subjective wellbeing is through musical engagement in group contexts (Weinberg & Joseph, 2017). 
What these studies lack are clear explanations about how music benefits emotion regulation and 
wellbeing (Baltazar & Saarikallio, 2016). The current study is the first study proposing a specific and 
targeted mechanism of action, interoception, aiming to train an ability rather than simply alter 
affective state in the moment.   
 
In summary, evidence shows a relationship between physiological reactivity, subjective experienced 
emotion and emotion regulation strategy (Sloan, 2004). There is evidence that shows improved 
interoception leads to improved emotion regulation, facilitating reappraisal processes (Füstös, 
Gramann, Herbert & Pollatos, 2013). There is also an established link between emotion regulation, 
interoception and mindfulness (Hill & Updegraff, 2012). Therefore it makes sense to pull these 
together into a single intervention. This is reasoned in more detail below. 
 
The current study therefore introduces a new intervention, using music to manipulate a range of 
states paired with a task that requires a person to tune in to these states and externally log them on 
a representation of their body. Evidence shows an external self-reference designed to heighten bodily 
self- attention improves interoceptive awareness (Ainley, Maister, Brokfeld, Farmer & Tsakiris, 2013). 
This intervention is designed to train interoceptive ability across the full range of emotional states and 
to become aware of body sensations (Breugelmans et al., 2005) experienced in the whole body rather 
than simply the heart, breathing, or each body part separately, as in the approach in most meditative 
approaches. This approach also addresses a limitation identified in the previous study. Further, logging 
sensations externally reduces distraction, and the combination of music listening and a task most 
closely replicates the multiple cognitive loads of everyday experience under which generalised 
interoceptive ability and emotion regulation is needed to operate functionally. The novel intervention 
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will be tested against mindfulness body scan practice as a validated comparison implicated as relating 
to interoception (Parkin et al., 2014). Control conditions will also be included. 
 
9.2.1 Study Aims and Hypotheses 
The aim of the current study is therefore a pilot study to investigate the potential value of this novel 
intervention in training interoceptive ability. 
 
Hypothesis 1: The novel music-listening intervention will improve interoception  
Hypothesis 2: The novel music-listening intervention will improve emotion regulation 
 
9.3 METHOD 
9.3.1 Participants 
Sixty-three participants were recruited to this pilot study. Two participants did not return to the 
second experimental session, leaving fifteen in each condition, with sixteen in the active control 
condition, totalling sixty-one participants. Participants (N=61, female=52; MAge= 26.82, SD=9.60, age 
range: 18-56) were recruited via email at the University of Surrey (N=47) and recruited from the 
general public (N=14). Participants had typical hearing and identified themselves as liking listening to 
music. Participant experience of mind-body practices, such as meditation and mindfulness, was 
measured. Participants were recruited via email, poster advertisements on campus at the University 
of Surrey and the SONA system. Participants were paid £10 on completion of the two week 
intervention period, having attended a pre-intervention baseline session and a post-intervention 
session, both laboratory based. Participants were required to have access to a computer with Excel 
on it to take part. The study received a favourable ethical opinion from the University of Surrey Ethics 
Committee. 
 
9.3.2 Materials: Pre and Post Intervention Measures 
9.3.2.1 Demographic information 
Demographic information and music listening habits were captured as these factors are shown to 
influence music-evoked emotion. Analyses of these are beyond the scope of this thesis. 
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Exercise practices were captured, as these factors are shown to influence interoceptive ability. Mind-
body practice experience were captured, such as mindfulness, meditation and yoga, as these factors 
are shown to influence interoceptive ability. These were the same as in study three. 
 
9.3.2.2 Self-report Interoception measures 
Multidimensional Assessment of Interoceptive Awareness (MAIA) questionnaire (Mehling et al., 
2012); as in study three. 
Porges Body Perception Questionnaire Short Version (BPQ-SF; Garfinkel et al., 2015); This is a 45-item 
inventory that measures an individual on their body awareness and perceptions, using a 5-point Likert 
scale from ‘1-Never to ‘5- Always’. Responses are summed to create a total, along with three subscales 
measuring Body Awareness (awareness of physiological signals), and two autonomic subscales: 
Supradiaphragmatic and Subdiaphragmatic. A high score represents high awareness of physiological 
signals.  
 
9.3.2.3 Physiological Interoception measures 
Heartbeat-perception task (Garfinkel et al., 2015) – As in study three. 
 
9.3.2.4 Emotional measures 
Mindfulness 
Five Facet Mindfulness questionnaire (FFMQ; Baer et al. 2008); This is a 39-item questionnaire, 
measuring total mindfulness, along with five subscales, measured using a 5-point Likert scale. Items 
are summed, with the five subscales: Observe; Describe; Act of Awareness; Non-judgement; Non-
Reactivity.  
 
Emotion and emotion regulation 
Positive And Negative Affect Scale (PANAS); This is a 20-item measure capturing positive and negative 
affect, by rating to what extent each of the twenty feelings have been experienced in the past week 
(state version), using a 5-point Likert scale. Two subscales are computed by summing responses, one 
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measuring positive affect the other measuring negative affect. A high score indicates high 
positive/negative state affect. 
Difficulty in Emotion Regulation Scale (DERS; Gratz & Roemer, 2004); This is a 36-item scale, measured 
using a 5-point Likert scale, where responses are summed to provide a total. A high score indicates 
difficulty with emotion regulation. Six subscales are also measured: Nonacceptance; Goals; Impulse; 
Awareness; Strategies; Clarity. 
Emotion Regulation Questionnaire (ERQ; Gross & John, 2003); This is a 10-item scale, using a 7-point 
or 5-point scale. A 5-point Likert scale was used here to align with other measures. Two subscales are 
created by summing responses on relevant items, one of Cognitive Reappraisal and the other 
measuring Expressive Suppression. A high score indicated greater use of that emotion regulation 
strategy.  
 
9.3.2.5 Self-Report Emotion measures 
Emotion space measure – A measure of emotional state, capturing the valence and arousal 
dimensions of the circumplex model of emotion was used, as in study three. Participants are asked 
how they feel right now then instructed to click in the appropriate place on the grid. 
 
9.3.2.6 Objective Emotion measures – Physiological  
Biopac surface electrode recordings of electrocardiogram (ECG) to measure heart rate, a measure of 
valence and arousal, electrodermal activity (EDA) to measure arousal levels, and facial 
electromyography (facial EMG), with corrugator activity to capture negative valence and zygomaticus 
activity to capture positive valence, as used in study three.  
 
9.3.3 Materials: Intervention Conditions  
All conditions, along with capturing emotional state before and after the intervention, were 
programmed to be presented in macros running behind Excel. The process, steps and instructions 
were consistent across conditions where possible to control for differences in the experiential process. 
All participants rated how they were feeling before and after the intervention on the 2D emotion 
space. The 2D emotion space had a grid underlying the image, invisible to the participants. When a 
point on the space was clicked, this was recorded as coordinates, along with a timestamp. 
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9.3.3.1 Intervention - Somatic Awareness Music Intervention 
Participants were presented with instructions to select emotional songs, as per the music selection 
critieria used in study two and three, to last 15 minutes (4-5 songs on average). Participants were 
instructed to select very familiar songs, associated with emotional memories, from preferred genres, 
for four emotions, representing each quadrant of the emotion space. They were instructed to listen 
to these songs and to play a game. Songs were counterbalanced. Three pictures of a body were 
presented: one front view, one side view and one back view. They were instructed to ‘tune in’ to their 
body during music listening and to select bodily sensations (Breugelmans et al., 2005) they 
experienced, click where on the body they experienced them at the time at which they were 
experienced and rate the intensity on a visual analogue scale. Therefore, bodily sensations were 
measured continuously. 
 
“You will now listen to the music you have chosen. 
As you listen to the music, tune in to what is happening in your body. You will find sensations in your 
body changing as you listen. As you experience sensations in your body, please keep rating how you 
feel. You will need to: 
*Click on the relevant body where the sensation occurs. 
*Click on the relevant sensation from the buttons below. 
*Rate how intense this sensation is on a scale of 1-10 (where 1 is hardly intense and 10 is extremely 
intense). 
These instructions will be on the screen whilst the music is playing in case you forget what to do. 
When the music has finished, please click the END TEST button on the left to proceed to the next step. 
Please click START TEST to begin.”  
 
9.3.3.2 Comparative Intervention - Mindfulness Body Scan Intervention 
A fifteen minute version of the body scan was used (Williams et al., 2008; Cropley, Ussher  & Charitou, 
2007). Participants in this condition were given access to an mp3 audio recording of the guided body 
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scan. They were instructed to focus on their breathing by concentrating attention on their abdominal 
area. Focus of awareness was then guided to gradually move to other areas of the body. 
 
“You will hear a recording, lasting for 15 minutes. 
Please listen to the recording and follow the instructions. 
Please continue to follow the instructions until the recording ends. 
This will end after 15 minutes. When the recording has ended, please click END TEST to proceed to the 
next step.” 
 
9.3.3.3 Active Control – Music-Based Emotion Reporting   
Participants were presented with instructions to select emotional songs, as per the music selection 
critieria (validated in study three), to last 15 minutes (4-5 songs on average). Participants were 
instructed to select very familiar songs, associated with emotional memories, from preferred genres, 
for four emotions, representing each quadrant of the emotion space. Participants were instructed to 
listen to the music and capture their emotions as they felt them on the 2D emotion space, as per study 
three.  
 
"You will now listen to the music you have chosen. 
As you listen, continuously rate your emotional response to the music on the image. Every time you 
feel an emotion, please:  
-Click on the relevant part of the image and click LOG SELECTION 
- Rate the intensity of the emotion on a scale of 1-10 (where 1 is hardly intense and 10 is extremely 
intense).  
Please keep rating your emotions as they change for the 15 minutes of music. 
After the music has ended, please click END TEST to proceed to the next step. Click START TEST to 
begin”  
 
The 2D emotion space had a grid underlying the image, invisible to the participants. When a point on 
the space was clicked, this was recorded as coordinates, along with a timestamp. 
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9.3.3.4 Passive Control – Sit Quietly Doing Nothing 
Participants in this condition were given access to an mp3 audio recording of fifteen minutes of 
silence, beginning and ending with a beep. They were instructed to start the recording and sit quietly 
for fifteen minutes, with no other guidance given for what to do in the time period.  
 
“Please start the recording and sit quietly for 15 mins. 
Please click START TEST to begin. 
After 15 minutes, you will hear a beep. When you hear the beep, please click END TEST.” 
 
9.3.4 Experimental Design 
This study utilised a 2x4 mixed design, with a repeated-measures factor of Time, with two levels: pre-
intervention baseline and post-intervention, two weeks later. A between-subjects factor of Group to 
represent intervention type/condition, with four levels: 
• Intervention (music-based somatic awareness condition);  
• Comparative intervention (mindfulness body scan, as an existing and validated intervention 
for comparison);  
• Active Control (music-based emotion reporting, as used in study three);  
• Passive Control (sit quietly doing nothing condition, cued by audio as with the mindfulness 
condition).  
Participants were randomly assigned to Group type. Participants attended the baseline condition in 
the lab, then were instructed to undertake the intervention everyday for two weeks, when they then 
returned for another lab session, post-intervention. Number of times they did the experiment was 
measured by the programme delivering the intervention to capture frequency and engagement, 
included as a covariate, representing an ecologically valid measure of engagement with wellbeing 
interventions.  All groups completed pre and post intervention measures as detailed in the materials 
section. Self-reported emotional state was measured daily before and after each fifteen minute 
intervention, as well as at pre and post intervention. Objective emotion, as measured by physiology, 
was measured at pre and post intervention time points in the laboratory sessions.  
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9.3.5 Procedure 
Participants were invited to respond to recruitment adverts by contacting the researcher. The 
participant was then invited to attend the pre-intervention session, following receiving information 
and sending song selections, for those in the music conditions. These participants listened to the same 
music at pre and post session, but could select different songs in between using the same instructions. 
Music selection used the same instructions as in study two and three, selecting music for the four 
emotion quadrants. Participants were  instructed to ensure music lasted for fifteen minutes in total, 
and were free to select any songs they liked, as the purpose of the music was to manipulate emotional 
state, rather than the study being interested in the effects of the characteristics of the music. Music 
was selected from all types of genre as categorised by iTunes genre classifications, and most contained 
lyrics. Four participants selected one song which another participant had selected, but otherwise 
music selections were different across participants. Entire songs were listened to, with the four songs 
created as a playlist on Spotify for each participant. This playlist played continuously for fifteen 
minutes. If it was longer than fifteen minutes it was stopped at fifteen minutes, to be consistent with 
the other conditions. Participants could select different music if they wished, during the two week 
intervention period, but they listened to the same playlist at pre and post testing sessions. Song orders 
representing emotion quadrants were randomised across participants. 
 
When the participant arrived for their pre-intervention session they were asked to read the 
information sheet and ask any questions they had, then to give written, informed consent. Participants 
then completed the demographic and pre-intervention measures on Qualtrics whilst the electrodes 
were applied. The participant then sat quietly for 2 minutes for a physiological baseline to be recorded 
before completing the objective interoception measure (heartbeat tracking task). The participant was 
then introduced to their assigned condition, and completed the first intervention session to ensure 
they understood what was required. Participants were instructed to complete the assigned 
intervention daily for fifteen minutes.  They received daily reminders to do the intervention by text or 
email, as preferred. Participants were given a post-intervention session slot to return 14 days later, at 
the same time of day, on the same day, in order to control for confounding variables. At the post 
intervention session participants completed their final intervention session first whilst physiological 
measures were taken. They then completed the objective interoception measure, then completed 
post-intervention measures on Qualtrics. Finally, the participant was debriefed and thanked for their 
time. All participants were then given an mp3 recording of the mindfulness body scan to ensure all 
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participants had the opportunity to benefit from this validated wellbeing intervention, irrespective of 
assigned condition.  
 
9.4 RESULTS 
Participants were randomly assigned to one of four groups. Descriptive statistics for the four groups 
are presented. The intervention group (N=15, female=12; MAge= 23.00, SD=7.14, age range: 18-45) 
completed the intervention on average for 10.00 days (SD=4.53; range: 1-14). The mindfulness group 
(N=15, female=14; MAge= 29.20, SD=11.97, age range: 18-56) completed the intervention on average 
for 12.07 days (SD=3.37; range: 2-14). The active control group (N=16, female=12; MAge= 31.35, 
SD=9.84, age range: 19-52) completed the intervention on average for 9.19 days (SD=4.20; range: 1-
14). The passive control group (N=15, female=14; MAge= 22.93, SD=5.84, age range: 18-40) completed 
the intervention on average for 11.53 days (SD=3.70; range: 4-14). 
All groups had participants completing the intervention on average more than half of the time during 
the two weeks, and included participants that did not complete it very often. Interestingly the passive 
control group had participants completing it on a minimum of four days, compared to other 
intervention groups that had a minimum frequency of completion as 1 or 2 days. 82% of participants 
completed the intervention on more than seven days (more than half) during the two weeks, with 
13% completing on seven or less days, with three participants (5%) only completing it at the laboratory 
sessions. 47% completed it every day during the two weeks. Frequency of completion was measured 
in recognition of the fact that people rarely undertake wellbeing interventions every day. Therefore, 
this was accommodated within the study, and used as a covariate, to ensure results were ecologically 
valid. The programme captured dates and start and end times of completion for all intervention types, 
every time it was opened. Therefore, it was possible to see when the programme had been opened 
and for how long. This was used to calculate frequency. It was not possible to know whether the 
intervention was completed accurately, but where the time length was less than the intervention time, 
these were counted as non-participation and excluded from frequency counts. Similarly, it was not 
possible to know whether music or mindfulness recordings were actually listened to or not, but it is 
assumed if the intervention was completed for the full fifteen minutes this was done as per 
instructions. As participants did not complete interventions everyday as directed, and some only once 
or twice despite being told the programme would record how often they did it, and participants were 
honest in reporting how often they completed it at session two, it is assumed there were no issues 
with self-presentation and if participants completed the programme for the full fifteen minutes they 
had completed the intervention as directed. This approach is compared to the literature, where only 
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six studies of ninety-eight studies reviewed (Vettese et al., 2009) even asked about home practice, 
and these were not objectively measured, so the current study improves on research methods in this 
area by attempting to track practice objectively. 
 
9.4.1 Interoception  
Descriptives for each group for each self-reported interoception measure pre and post intervention 
can be found in Table 9.1. 
 
Table 9.1 
Table showing descriptive statistics, mean (M) and standard deviations (SD), for self-reported interoception measures and 
subscales, for pre and post intervention conditions  for each of the four experimental  groups 
 
 Music Intervention Mindfulness Passive Control Music Control 
 Pre 
M,(SD) 
Post 
M,(SD) 
Pre 
M,(SD) 
Post 
M,(SD) 
Pre 
M,(SD) 
Post 
M,(SD) 
Pre 
M,(SD) 
Post 
M,(SD) 
MAIA 
Noticing 3.70 
(0.72) 
3.60 
(0.51) 
3.78 
(0.84) 
3.77 
(0.41) 
3.69  
(0.64) 
3.63 
(0.40) 
3.66 
(0.59) 
3.61 
(0.47) 
Not Distracting 2.69 
(0.64) 
2.93 
(0.44) 
2.82 
(0.52) 
2.84 
(0.58) 
3.06  
(0.60) 
2.96 
(0.60) 
2.94 
(0.82) 
3.04 
(0.47) 
Not Worrying 3.27 
(0.79) 
3.04 
(0.71) 
2.76 
(0.64) 
2.87 
(0.84) 
3.23  
(0.59) 
3.29 
(0.60) 
3.12 
(0.82) 
3.21 
(0.73) 
Attention 
Regulation 
2.97 
(0.63) 
2.94 
(0.53) 
3.02 
(0.63) 
3.26 
(0.46) 
3.02  
(0.66) 
3.31 
(0.62) 
3.08 
(0.58) 
3.30 
(0.55) 
Emotional 
Awareness 
3.43 
(0.72) 
3.55 
(0.48) 
3.85 
(0.67) 
4.03 
(0.42) 
3.71  
(0.52) 
3.80 
(0.71) 
3.85 
(0.60) 
3.85 
(0.52) 
Self Regulation 3.12 
(0.69) 
3.13 
(0.48) 
2.97 
(0.66) 
3.35 
(0.75) 
3.00 
 (0.82) 
3.23 
(0.66) 
3.35 
(0.76) 
3.25 
(0.66) 
Body Listening 2.40 
(0.89) 
2.76 
(0.93) 
2.82 
(1.01) 
3.07 
(0.84) 
2.85 
 (0.96) 
3.22 
(0.73) 
2.92 
(0.93) 
2.92 
(1.01) 
Trusting 3.58 
(0.78) 
3.53 
(0.79) 
3.76 
(0.80) 
3.71 
(0.64) 
3.29 
 (0.91) 
3.58 
(0.86) 
3.69 
(1.02) 
3.58 
(0.89) 
PBPQ 
Total 139.47 
(41.57) 
144.07 
(31.00) 
153.80 
(35.22) 
143.80 
(31.81) 
137.69 
(29.45) 
135.93 
(32.06) 
123.94 
(32.81) 
124.06 
(34.69) 
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Body Awareness 82.60 
(24.20) 
84.67 
(18.75) 
89.53 
(19.77) 
86.07 
(19.70) 
80.50 
(16.80) 
80.53 
(18.12) 
71.65 
(19.42) 
72.31 
(20.87) 
Supra 
Diaphragmatic 
40.93 
(13.45) 
43.33 
(10.44) 
46.80 
(12.75) 
41.27 
(9.39) 
41.31 
(9.64) 
39.80 
(10.20) 
37.76 
(10.32) 
37.94 
(10.47) 
Sub 
Diaphragmatic 
15.93 
(4.74) 
16.07 
(3.24) 
17.47 
(4.42) 
16.47 
(4.12) 
15.88 
(4.29) 
15.60 
(4.90) 
14.53 
(4.40) 
13.81 
(4.05) 
 
 
Twelve 2x4 mixed model ANOVAs were run initially to test for any differences between groups for 
baseline and post time points on all interoception measures. There was a repeated-measures factor 
of Time (with two levels; pre and post) and a between-subjects factor of Group (with four levels; 
intervention (music-based somatic awareness task), comparative intervention (mindfulness body 
scan), passive control (sit quietly), active control (music-based continuous emotion rating). Due to the 
small sample size, and therefore issues with power, significant and marginally significant results are 
reported, along with results showing a medium effect size (ηp2 >=.06), even if not marginally 
significant.  
 
For the BPQ Total, the main effect of Group showed a medium-to-large effect size, F(3,57)=1.86, p=.15, 
ηp2 =.09. Whilst there were no significant post hoc tests, results (Tukey HSD; which adjust for multiple 
comparisons during calculation) showed the two intervention conditions, mindfulness (M=148.80) 
and the music-based intervention (M=141.77) showed higher ability to perceive physiological signals 
compared to the passive control condition (M=136.27) and the active music-based control condition 
(M=122.94, p=.12; p=.36 respectively). These results were similar to those for the BPQ subscale of 
Body Awareness, showing a main effect of Group with a medium-to-large effect size, F(3,57)=2.17, 
p=.10, ηp2 =.10. Tukey HSD post hoc tests showed those in the mindfulness condition (M=87.80) 
showed marginally significantly higher body awareness compared to those in the active music-based 
control group (M=71.44, p=.08). 
 
For the autonomic reactivity subscale of the BPQ, Supradiaphragmatic Reactivity, there was a 
marginally significant interaction effect for Time*Group, F(3,57)=2.45, p=.07, ηp2 =.11. Results showed 
a decrease in perception of stress responses and reactivity for those in the mindfulness condition 
following intervention, compared to an increase for those in the music intervention condition, 
suggesting interoceptive attunement to the autonomic nervous system increased.  
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There was a main effect of Group with a medium effect size for the Not Worrying subscale of the 
MAIA, F(3,57)= 1.49, p=.23, ηp2 = .07, showing those in the mindfulness condition (M= 2.81) worried 
more about negative physiological signals compared to those in the other conditions (music-based 
intervention: M= 3.16; music-based active control: M=3.21; passive control: M=3.27), although Tukey 
HSD post hocs showed no significant or marginally significant differences. 
 
There was a main effect of Group with a medium-to-large effect size for the Emotional Awareness 
subscale of the MAIA, F(3,57)= 2.17, p=.10, ηp2 = .10, showing those in the mindfulness condition (M= 
23.94) showed a greater awareness of the connection between body sensations and emotional states 
compared to those in the music-based intervention  (M= 3.49, Tukey HSD p= .09). 
 
There was an interaction effect with a medium-to-large effect size for the Self Regulation subscale of 
the MAIA for Time*Group, F(3,57)=1.79, p=.16, ηp2 =.09. Results showed, those in the mindfulness and 
passive control conditions were better able to regulate distress by attention to body sensations 
following the intervention compared to before, whereas there was no change following intervention 
compared to baseline for the music-based intervention condition, and a slight decrease in ability to 
regulate distress for those in the music-based active control condition. 
 
There was a significant main effect of Time for the Attention Regulation subscale of the MAIA, 
F(1,57)=4.88, p=.031, ηp2 =.08. Results showed participants were better able to sustain and control 
attention to body sensations following intervention (M=3.20) compared to baseline (M=3.05). 
 
There was a significant main effect of Time for the Body Listening subscale of the MAIA, F(1,57)=7.43, 
p=.008, ηp2 =.12. Results showed participants were better able to actively listen to the body for insight 
following intervention (M=2.99) compared to baseline (M=2.76). 
 
Results showed intervention improved aspects of interoception and this was differentiated by 
condition in some cases.  
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 9.4.2 Emotion-Related Measures 
Descriptives for each group for each emotion related measure pre and post intervention can be found 
in Table 9.2. 
 
Parametric assumptions were met. Eighteen 2x4 mixed model ANOVAs were run initially to test for 
any differences between groups for baseline and post time points on all emotion-related measures. 
There was a repeated-measures factor of Time (with two levels; pre and post) and a between-subjects 
factor of Group (with four levels; intervention (music-based somatic awareness task), comparative 
intervention (mindfulness body scan), passive control (sit quietly), active control (music-based 
continuous emotion rating). Due to the small sample size, and therefore issues with power, significant 
and marginally significant results are reported, along with results showing a medium effect size (ηp2 
>=.06), even if not marginally significant.  
 
For the DERS subscales, Strategies and Clarity showed interaction effects with medium effect sizes. 
DERS_Strategies showed an interaction effect of Time*Group, F(3, 57)=1.66, p=.19, ηp2 = .08, showing 
a trend towards less access to emotion regulation strategies increased post-intervention for those in 
the mindfulness condition, whereas those in the music-based intervention showed improved access 
to emotion regulation strategies post-intervention. DERS_Clarity showed an interaction effect of 
Time*Group, F(3, 57)=1.30, p=.29, ηp2 = .06, showing a trend towards increased emotional clarity post-
intervention for those in the mindfulness condition, whereas those in the music-based intervention 
and the music-based active control condition showed poorer emotional clarity post-intervention. 
There were no other significant effects.  
 
Analyses were then conducted to control for the effect of intervention frequency.  
 
9.4.3 Interoception, Controlling for Frequency of Intervention 
Twelve 2x4 mixed model ANCOVAs were run to test for any differences between groups for baseline 
and post time points on all interoception measures, controlling for the number of times the 
intervention was undertaken in the two weeks. IVs and DVs were the same as above. Frequency of 
intervention was the covariate.  
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Table 9.2 
Table showing descriptive statistics,  mean (M) and standard deviations (SD),  for scale totals and each subscale of 
emotion-related measures, FFMQ, PANAS, DERS and ERQ  for pre and post intervention conditions  for each of the four 
experimental  groups 
 Music Intervention Mindfulness Passive Control Music Control 
Pre 
M,(SD) 
Post 
M,(SD) 
Pre 
M,(SD) 
Post 
M,(SD) 
Pre 
M,(SD) 
Post 
M,(SD) 
Pre 
M,(SD) 
Post 
M,(SD) 
FFMQ 
Observe 25.87 
(4.66) 
26.67 
(5.34) 
27.47 
(6.60) 
27.60 
(4.85) 
29.38 
(5.20) 
29.67 
(4.85) 
28.53 
(5.12) 
28.13 
(5.30) 
Describe 26.87 
(6.70) 
27.00 
(5.21) 
27.47 
(6.07) 
27.47 
(5.74) 
27.13 
(6.20) 
26.40 
(4.01) 
28.29 
(8.45) 
29.63 
(8.11) 
Act with 
Awareness 
25.47 
(4.36) 
24.53 
(4.90) 
23.40 
(7.07) 
22.20 
(6.45) 
23.31 
(5.34) 
23.53 
(6.03) 
24.53 
(5.19) 
24.56 
(5.93) 
Non Judgement 26.27 
(7.22) 
28.13 
(5.08) 
28.07 
(8.22) 
27.47 
(6.46) 
23.81 
(10.49) 
42.13 
(10.99) 
25.94 
(8.09) 
28.81 
(6.81) 
Non reactivity 20.73 
(4.62) 
20.93 
(3.90) 
19.60 
(5.29) 
20.47 
(3.02) 
20.69 
(5.80) 
20.20 
(5.81) 
20.71 
(4.79) 
22.19 
(4.49) 
Total 125.20 
(16.87) 
127.27 
(14.14) 
126.00 
(20.28) 
125.20 
(18.62) 
124.31 
(24.01) 
123.93 
(24.46) 
128.00 
(21.83) 
133.31 
(22.48) 
PANAS 
Positive Affect 32.67 
(7.44) 
32.07 
(6.06) 
35.40 
(4.91) 
34.00 
(7.04) 
33.00 
(8.91) 
34.00 
(8.72) 
33.76 
(7.64) 
34.06 
(5.07) 
Negative Affect 19.53 
(6.03) 
20.67 
(6.41) 
21.67 
(8.21) 
21.87 
(8.65) 
24.06 
(8.17) 
23.07 
(9.52) 
24.18 
(9.53) 
23.63 
(8.76) 
DERS 
Total 91.33 
(20.38) 
90.07 
(15.97) 
88.93 
(19.69) 
90.60 
(20.26) 
94.94 
(25.18) 
93.33 
(24.50) 
96.41 
(21.93) 
91.88 
(19.49) 
Goals 16.33 
(3.70) 
17.07 
(3.53) 
15.73 
(4.48) 
16.40 
(3.76) 
16.19 
(3.71) 
16.13 
(3.81) 
16.71 
(3.70) 
16.38 
(3.12) 
Impulse 13.87 
(4.50) 
13.40 
(3.91) 
13.67 
(4.53) 
13.60 
(4.45) 
15.50 
(4.13) 
14.13 
(4.39) 
14.35 
(3.46) 
11.44 
(3.52) 
Awareness 14.20 
(3.41) 
13.73 
(3.13) 
13.33 
(4.51) 
13.67 
(3.79) 
12.19 
(4.93) 
13.20 
(3.23) 
14.06 
(3.53) 
13.63 
(3.42) 
Strategies 20.60 
(7.10) 
19.20 
(5.81) 
19.07 
(6.89) 
20.20 
(5.73) 
20.63 
(8.03) 
20.33 
(8.42) 
21.35 
(7.60) 
20.44 
(6.97) 
Clarity 11.07 
(3.56) 
12.00 
(2.70) 
12.47 
(3.58) 
11.93 
(3.24) 
12.75 
(3.28) 
12.73 
(3.35) 
12.65 
(3.92) 
12.44 
(3.35) 
Non Acceptance 15.27 
(5.23) 
14.67 
(4.65) 
14.67 
(5.29) 
14.80 
(4.75) 
17.69 
(6.78) 
16.80 
(6.96) 
17.29 
(5.68) 
15.56 
(5.42) 
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For the Body Awareness scales of the PBPQ there was a significant effect of Group, when controlling 
for intervention frequency, F(3,56)=2.74, p=.052, ηp2  = .13. Post hoc tests showed mindfulness led to 
more body awareness (M=4.84) compared to the active music control (M=4.70, p=.044). There were 
no other differences. 
 
 For the PBPQ total there was a significant effect of Group, when controlling for intervention 
frequency, F(3,56)=2.36, p=.081, ηp2  = .11. Post hoc tests showed mindfulness led to more body 
awareness (M=8.23) compared to the active music control (M=7.90, p=.072). There were no other 
differences. 
 
There was a significant main effect of time, once controlling for intervention frequency for MAIA Body 
listening (F(1,56)=4.22, p=.045, ηp2  =.07) and for MAIA Self Regulation (F(1,56)=3.09, p=.085, ηp2  =.07). 
Both showed increases in body listening (M=2.99) and self regulation (M=3.24) post intervention 
compared to before (body listening: M=2.76, p=.008; Self regulation: M=3.11, p=.42). 
 
There was a marginally significant interaction effect of time*group, once controlling for intervention 
frequency for MAIA Self Regulation (F(3,56)=2.28, p=.090, ηp2  =.11). Post hoc tests showed self 
regulation improved for mindfulness from before intervention (M=2.93) to post intervention (M=3.36, 
p=.017). There were no other differences.  
 
9.4.4 Emotion-Related Measures, Controlling for Frequency of Intervention 
 
EIghteen 2x4 mixed model ANCOVAs were run to test for any differences between groups for baseline 
and post time points on all emotion-related measures, controlling for the number of times the 
ERQ 
Reappraisal 22.93 
(3.31) 
22.47 
(1.77) 
21.53 
(4.00) 
22.33 
(3.75) 
21.63 
(4.15) 
21.27 
(4.08) 
21.12 
(5.09) 
20.75 
(4.88) 
Suppression 11.20 
(4.40) 
10.80 
(3.34) 
9.53 (2.83) 10.00 
(2.70) 
10.25 
(3.09) 
10.53 
(4.27) 
9.82 
(3.15) 
9.50 
(3.79) 
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intervention was undertaken in the two weeks. IVs and DVs were the same as above. Frequency of 
intervention was the covariate.  
 
There was a significant main effect of time, once controlling for intervention frequency for ERQ 
Suppression (F(1,56)=3.08, p=.085, ηp2  =.05), DERS Awareness (F(1,56)=4.64, p=.035, ηp2  =.08) and 
for DERS Non-Acceptance (F(1,56)=7.25, p=.009, ηp2  =.12). All showed improvement, in ERQ 
Suppression (M=10.08), DERS Awareness(M=13.43) and DERS Non-Acceptance (M=16.11) post 
intervention compared to before (ERQ Suppression: M=10.21, p=.68; DERS Awareness: M=13.56, 
p=.72; DERS Non-Acceptance: M=15.46, p=.12). 
 
9.5 DISCUSSION 
The current pilot study tested a novel music-based intervention aimed to train interoceptive ability to 
lead to improved emotion regulation. It was compared to a validated comparative intervention 
(mindfulness body scan), an active music control (record emotions continuously) and a passive control 
(do nothing). Results were minimal, showing few effects for any intervention. Sample sizes were small, 
and some medium effects suggest running the study with a larger sample would be advisable. Despite 
this, there was some evidence suggesting the music intervention could improve aspects of 
interoception, partially supporting hypothesis 1. Some evidence was also found to suggest the 
intervention could improve access to emotion regulation strategies, partially supporting hypothesis 2. 
There was some evidence the music listening intervention led to better outcomes compared to 
mindfulness. However, mindfulness was superior on other aspects of emotion regulation and 
interoception. Evidence also showed effects of time, irrespective of group, showing any intervention, 
even do nothing, produces changes from baseline, evidencing a placebo effect. Results also showed 
recording emotions to music did not improve interoception comparative to mindfulness for body 
awareness and total PBPQ. Finally, controlling for the effect of number of times the intervention was 
undertaken did not produce any additional important effects. 
 
Results suggest mindfulness and a music-based intervention target different mechanisms of 
interoception and emotion regulation. This warrants more investigation, and could result from the 
earlier suggestion in the introduction regarding the nature of meditative practices compared to music 
listening. Further it could also relate to evidence that music produces different emotion regulation 
mechanisms compared to other types of emotion regulation stimuli (Randall et al., 2016).  
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Castillo-Pérez et al. (2010) found music improved depression comparative to psychotherapy. The 
duration of each session as well as intervention length was far longer than in the current study and 
future work should investigate the impact of time on the success of the current interoception 
intervention. Further the current intervention does not have “feeling less depressed” as a goal, and 
the previous study used classical music, therefore findings probably represent the pleasurable and 
anxiolytic effects of music generally, compared to the current study’s goal of enhancing interoceptive 
ability and connecting to a range of emotions. 
 
Dingle and Fay (2017) tested a music-based emotion regulation intervention. Their intervention tested 
51 participants, randomly assigned to intervention or waiting-list control conditions. The intervention 
entailed four 90-minute sessions, one a week for four weeks. Sessions were 8 participants and 2 
therapists. Session one focussed on happy music, session two sad and relaxing music, session three 
power up and shout to music, classified in the negative activation space, as well as week four music 
for courage, again placed in the negative activating space. Each session involved listening to the music, 
then guided by the therapists completing three tasks: an imagery task, a body sensations task, similar 
to the current study, and a lyric analysis task. Results showed improvements on DERS awareness and 
clarity compared to the waiting list control. However, similar to the current study, there was a general 
effect of time, with DERS strategies and overall DERS scores improving with time for both groups, 
albeit this improvement was enhanced for the intervention group. This suggests either emotion 
regulation strategies fluctuate in short spaces of time, the measures are not accurate, or there is a 
placebo effect simply from taking part in a study, without doing anything. The study results were not 
as widespread or pronounced as hoped, similar to the current study. This lends support to the notion 
that music-based listening interventions for emotion regulation show promise but need more work 
and testing to ascertain their true worth.  
 
Interestingly the current study also did not find strong effects of mindfulness, despite the strong 
evidence in the literature of the success of mindfulness. The current study used the same length of 
intervention and intervention type as used in other mindfulness studies. However the difference was 
in the current study there was no waiting list control, as is the case with the majority of mindfulness 
studies. It is possible, and would be supported by some results from the current study, that many of 
the mindfulness effects in the literature result from a placebo effect. Parkin et al. (2014) found no 
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improvement in cardiac perception and coherence following a one-week and an eight-week body 
scan, but self-reported confidence did improve after eight weeks. This demonstrates mindfulness 
effects are not as guaranteed as advertised.  The few mindfulness studies that use an active control, 
or a comparative condition, tend to find no differences. They present a very inconsistent picture with 
flawed and inconsistent methodologies, as reviewed by Vettese et al. (2009). This further supports 
current study results, suggesting some beneficial effects are placebo effects (Evans, 2010).  
 
9.6 LIMITATIONS 
The current study would have benefitted from a larger sample. Whilst the dropout was very low, which 
is promising for the engagement of all the interventions, a larger sample would have provided a clearer 
picture of results. There was evidence of a lack of power and medium effect sizes, suggesting some 
interesting effects may manifest with a larger sample. 
The current study was an exploratory pilot study, therefore had a smaller sample size than would be 
desired for a full study testing an intervention. Results, such as power, suggest the study was 
underpowered, which could be one explanation for the lack of significant results.  
However, similar studies with similar sample sizes have found significant effects with comparative 
effect sizes, as well as much larger effect sizes, suggesting in the current study there were no effects 
to be found, rather than the lack of results due to being underpowered. For example, Mackenzie et 
al. (2006) had sixteen participants in the mindfulness intervention condition and fourteen in the wat-
list control condition, showing significant effects with effect sizes of .15 upwards. Fortney et al. (2013) 
had thirty participants, although did not report effect sizes or confidence intervals. Harstede et al. 
(2008) had seventeen participants, nine controls and eight in the experimental group and used a 2-
way mixed ANOVA, finding significant results and effect sizes between .33 and .64. These studies have 
fewer participants in each group compared to the current study, but find significant results with similar 
analyses and larger effect sizes, suggesting the current study had no effects to be found. This could be 
explained by the fact it did not compare an intervention to a wait-list control, but instead compared 
the interventions to active and passive control conditions. It could be results in other studies are due 
to a placebo effect. However, studies that compare mindfulness to sham or active control conditions 
do find effects, with effect sizes ranging from smaller to larger than the current study, suggesting again 
there are effects of mindfulness in other studies but there were no effects to be observed in the 
current study and results can be trusted, rather than being underpowered. For example, Cropley et 
al. (2007) compared a body scan condition to an active control condition, with thirty participants 
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randomly assigned to each group. This meant fifteen in each group, similar to the current study, and 
found significant effects, and effect sizes ranging from .01 up to.56. Zeidan et al. (2010) had three 
conditions, sham, control and mindfulness, and found the sham condition similar to the control 
condition, with significant effects showing effect sizes of .06 up to .38. Majumdar et al. (2002) had 
twenty-one participants complete an eight-week course with three-month follow up and showed 
significant effects, with Cohen’s D effect sizers of .15-1.0. Schoormans and Nyklicek (2011) compared 
thirty-five participants to twenty participants, practising different types of mindfulness, showing it was 
frequency rather than type of practise that was important, with effect sizes that were significant 
ranging from .07 up to .20. Finally, Zeidan et al. (2015) had four groups of shame, placebo, mindfulness 
and control, similar to the current study. They had seventy-five participants assigned to the four 
groups, with twenty or fewer participants in each group, similar to the current study. They found 
significant group differences, with effect sizes ranging from .12 to .45. Therefore, comparative studies 
have similar sample sizes to the current study, but found significant results and larger effect sizes, so 
it is likely the sample size in the current study was sufficient to detect effects if there had been effects 
to be found. Finally, the current study recruited sixty-three participants. However, due to the 
dominance of mindfulness studies in the literature to compare an intervention to a wait-list control, 
it was decided it was preferable in the current study to sacrifice sample size in each group in favour of 
comparing two intervention groups alongside two control conditions, rather than employing the usual 
intervention versus wait-list control approach. This approach would have led to larger sample sizes in 
each group, but instead it was decided to take an approach of reducing the likelihood of placebo 
effects as being preferable in the current study, as it was a pilot study.  
 
Despite the amount of intervention undertaken showing no effects, previous studies show longer 
interventions and longer listening sessions may be beneficial. Future studies should test longer 
listening sessions, and consider specific emotion quadrants for each session, rather than listening to 
music from all quadrants in each listening session.  
Future work should pilot this intervention using a waiting-list control as well as comparative 
conditions. This would help ascertain the impact of placebo effects compared to intervention effects.  
 
9.7 SUMMARY 
Whilst results are not as conclusive as would be hoped, the pilot study provided enough evidence to 
suggest the music-based listening intervention effects aspects of interoception and emotion 
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regulation. This study should be extended and conducted for a longer time period, with a larger sample 
and compared to a waiting-list control. To answer the research question of this thesis, the findings 
suggest music can be used to train interoceptive ability, impacting emotion regulation.  
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10. CHAPTER TEN: GENERAL DISCUSSION 
 
10.1 SUMMARY OF FINDINGS 
The aim of this thesis was to ascertain whether music could be used to train interoceptive ability, and 
whether this would impact emotion regulation. In order to achieve this overarching aim, it was 
necessary to address four questions:  
 
• Firstly, what is emotional music?  
• Secondly, what does emotional music do to the body? More specifically, what is the 
relationship between physiological and subjective emotional responses to music?  
• Thirdly, does interoception play a role in this relationship? 
• Finally, could a music-based listening intervention impact interoception? 
 
These questions were addressed across four experimental studies, with a secondary aim of using 
comprehensive and systematic methodological approaches to address inconsistencies in the existing 
literature.  
 
Findings from studies one and two in chapters six and seven identified emotional music to be music 
that is very familiar self-selected songs from preferred genres, associated with autobiographical 
memories. Songs selected using these criteria guarantee the strongest emotional responses. The 
importance of these factors are supported by existing literature, albeit study one was the first study 
to test all factors, and their interactions, simultaneously and to include three levels of familiarity and 
genre preference. Study two, similarly, was the first study to examine what impact holding a personal 
memory to a song has on strength and profile of emotional responses to music. Results showed the 
combination of memories with songs elicited strong emotional responses, but the emotional content 
of the memory could alter the response to music, exacerbating certain emotions, and in some 
instances altering the profile of emotional response entirely. This study found support for mechanisms 
theorised in the BRECVEMA (Juslin & Västjfäll, 2008; Juslin, 2013a) model. Results were interpreted as 
proposing different conditions when episodic memory, in contrast to emotional contagion, plays a 
role in evoking emotions to music. Findings suggested certain music is salient at the time of emotional 
memory encoding, due to the emotion expressed in the music. 
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Findings from study three, in chapter eight, showed music influences physiological as well as 
subjective responses. Physiology and subjective emotions were shown to be related, with results 
finding support for both the James-Lange model of emotion and the Cannon-Baird account. Physiology 
was shown to be more strongly associated with subjective valence, particularly for positively valenced 
stimuli. These results contrasted to previous literature showing ANS patterns better classified arousal, 
and negative emotions elicit stronger autonomic responses compared to positive emotions. However, 
different physiological patterns distinguished subjective arousal and valence separately, and this was 
dependent upon emotional context of the stimuli as well.  
 
Interoception moderated the relationship between physiology and subjective emotion, particularly 
interoceptive integration. Different facets of interoception moderated different relationships 
between specific physiological measures and subjective emotions. Most importantly, results showed 
that those high on interoceptive ability utilised physiological signals differently to identify subjective 
emotion compared to those moderate and low on interoceptive ability. Those high on interoception 
showed support for a James-Lange account of music-evoked emotion, whereas those low on 
interoception showed evidence of a Schacter-Singer account of music-evoked emotion. It is believed 
that this is the first study of its kind, with results that show how differing levels of interoceptive ability 
determine which theoretical emotion model explains how someone comes to experience their 
emotions, resulting from different physiological integration processes. These findings are potentially 
very important, novel, and present the possibility of stimulating a new line of research in the field of 
interoception and emotion. Results also explained previous mixed findings in the literature and 
supported the notion that interoception could be trained to benefit emotion regulation, as different 
levels of interoceptive ability lead to different theoretical experiences of emotion. Further, study three 
results suggested previous inconsistencies in the music-evoked emotion and physiology literature 
were in part due to previous methodological approaches, and therefore made a case for future work 
to utilise more comprehensive and systematic methods. 
 
The final pilot study tested a novel music-based intervention designed to train interoception. The pilot 
provided some evidence the intervention improved interoception and emotion regulation. Future 
work should test the intervention further, with a larger sample for a longer period of time, compared 
to a waiting-list control. Therefore, the conclusion is music can be used to train interoceptive ability, 
but more work is needed to fully establish this.  
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Across the thesis, the body of findings also contributed ideas relating to the wider field of research 
that were not specific aims of the thesis. These will be considered below.  
 
10.2 MUSIC-EVOKED EMOTION 
This thesis has demonstrated that preferences (meant in the broadest sense to capture familiarity, 
self-selection, liking etc.) are a key factor in determining music-evoked emotion. It is suggested 
preferences are included as an explicit part of musical emotion models, rather than simply being 
inferred within factors such as episodic memory/personal factors/context within models, as is 
currently the case. Despite preferences being evidenced as important for music-evoked emotion in 
previous work, preferences are not usually discussed as personal or contextual factors when relating 
findings to models. Therefore, it is argued here that preferences are an important and necessary 
addition to musical emotion models. It is also suggested here that preferences are the result of the 
combination of contextual, personal and musical factors. Consequently, future work should examine 
how contextual, personal and musical factors combine to form preferences and how these 
preferences influence music-evoked emotion. It is suggested that ‘preferences’ is the mediating 
variable between existing theorised factors and actual affective response to music. Future work should 
test this proposition. The inclusion and measurement of ‘preferences’ in research may turn out to be 
the factor that explains inconsistent findings in the literature.  
 
Related to the above, it is suggested that liking represents preference, which is an evaluative 
judgement. In contrast, valenced affective responses are something different, can be less conscious 
and require less, or different, cognitive processing. Liking as an evaluative response potentially bridges 
the gap between aesthetic/cognitive/perceptual responses to music and affective responses. Liking 
can be both cognitive and affective, whereas affective responses, whilst resulting from a process that 
involves cognition, are distinct from cognitive judgements. Research should therefore avoid conflating 
liking with affective response, as has been the tendency to date, and draw on work from music 
perception and cognition to distinguish factors relating to liking from factors relating to evoked 
emotions. Yang and Chen (2012) show listeners often confuse the valence dimension 
(pleasant/unpleasant) with liking (preferred/not preferred). This point is further demonstrated by the 
large body of literature that often seems confused that results show that sad music is liked. A 
preference for sad music could simply demonstrate that liking is an evaluative judgement and is 
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distinct from the emotional response of sadness to the music. The literature includes wide discussions 
about why sadness experienced to music is often pleasurable, which can be easily explained when 
preference (liking) is distinguished from affective response. The affective response is one of sadness, 
whereas the evaluative judgement of liking sad music produces the pleasurable response. This 
potential explanation is an interesting avenue for future work to pursue. Whilst music-evoked 
emotions do involve an element of cognition, using appraisals and evaluations of the context to arrive 
at an emotional label, this is proposed as usually being on a more pre-conscious level, one that is more 
automatic and based largely on prior experience. In contrast, evaluations that lead to preferences and 
judgements of liking are different, resulting from more conscious, evaluative processes. Caldwell and 
Riby (2006) showed music appreciation as conscious and intentional, whereas other aspects of musical 
emotion operate at a pre-conscious level. They suggested cognitive enhancements from music relate 
to unconscious processing of musical factors, whereas conscious cognitive processes related to 
evaluation, appraisal and preferences. Another perspective for mixed emotional responses to music 
comes from Schubert (2013). He makes a distinction between affect valence and emotion valence, 
with one just a contemplation and the other related to an action. Liking is an example of affect valence, 
according to Schubert, justifying why it is conflated with affective response. However, the current 
thesis suggests liking and affective response are not the same and should be treated separately, 
despite other authors claiming liking is analogous to valence (Komosinski & Mensfelt, 2016). It is 
therefore recommended that some future work shifts the lens from investigating evaluations leading 
to preference, and instead examines whether, and how, evaluations result in labelled emotions.  
 
Throughout this thesis, certain specific emotions to music arose consistently. Power, and to a lesser 
extent joyful activation, were consistently felt to music. Nostalgia was a prominent music-evoked 
emotion too, particularly when memories were present. Results supported the notion that music is 
usually experienced as pleasurable, even when negative responses are reported. Previous research 
suggests happiness, sadness and nostalgia are commonly experienced to music (Juslin et al., 2011). 
Most responses to music are characterised by pleasurable responses. Findings in the current work 
suggested valence was most manipulated by macro musical factors, whereas high arousal was elicited 
to disliked and unfamiliar music. 
 
Huron’s (2006) and Meyer’s (1956) theories explaining how the structure and composition of music 
elicits affective responses only explain the pleasurable nature of music. These theories assume 
emotions evoked by music are only pleasurable and therefore positive and rewarding. This notion is 
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supported across the music and emotion literature, claiming music-evoked emotions are pleasurable 
and rewarding, even when associated to autobiographical memories (Cuddy, Sikka, Silveira, Bai & 
Vanstone, 2017). However, the current thesis demonstrates these are not the only type of affective 
responses elicited to music. The current thesis does support music-evoked emotions are largely 
pleasurable and positive, including ‘negative’ ones such as sadness, with sadness and tension weakly 
elicited generally. However, this thesis also demonstrated that unpleasant emotions can be elicited 
by music, under certain circumstances, such as when associated to unpleasant memories or when 
music is disliked and unfamiliar. For music to be utilised effectively as an emotion regulation tool to 
teach healthier coping strategies, rather than simply as a mood enhancer, it is necessary, and perhaps 
more important, to understand the contexts in which elicited musical emotions are negative and 
unpleasant. Much more work is needed in this area, even simply if music is to be used as an effective 
mood induction procedure for research.  
 
Sadness and tension were rarely experienced in response to music in the current work, requiring a 
lack of familiarity or a disliked genre to elicit these emotions if a memory was not present. However, 
across the current work, sadness and tension appeared to co-occur in response to music. Of particular 
interest were findings showing different emotional profiles identified to tense and sad music 
depending upon whether a categorical or a dimensional model was used. Schubert (2013) 
demonstrated that felt emotions are not always reported as weaker than perceived emotions, and 
this occured when the emotions elicited were negatively valenced. He identified sadness and tension 
were felt more strongly than they were perceived to music, lending support to findings in the current 
thesis that there is something distinct and synonymous about music-evoked sadness and tension. 
These two emotions appear to uniquely elicit negative valence, although not consistently, and also 
consistently manipulate arousal levels, in a way that other music-evoked emotions appear not to. 
What is interesting about the findings relating to sadness and tension in this thesis is that they are 
experienced consistently together, but experienced as eliciting inconsistent profiles as measured by 
validated emotion measures. What is not clear is under what conditions sadness and tension are 
experienced as pleasurable, as compared to being experienced as negatively valenced, or as highly 
arousing. It is also not clear whether they are experienced as the same music-evoked emotion, 
therefore measurement misidentifies them as co-occurring, or whether they are distinct music-
evoked emotions that simply occur together.  As discussed later in this chapter, if they are distinct 
emotions, but co-occurring, this could be explained by suggesting sadness is experienced as 
uncomfortable, and therefore is accompanied by tense feelings. Similarly, tension could be 
experienced negatively, thus co-occurs with sadness, where measured sadness actually represents the 
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negatively valenced experience of tension, rather than being a music-evoked emotion. Under these 
circumstances, sadness is therefore a measure of valence, with tension representing arousal, 
therefore their co-occurrence potentially represents the two dimensions of a single, experienced 
emotion. Alternatively, tension as the music-evoked affective response, and sadness as the negatively 
valenced evaluation of feeling tense, contrasts to earlier discussions proposing sadness as the music-
evoked emotion and liking sad music eliciting a pleasurable response. Therefore this co-occurrence of 
sadness and tension could represent another example of a combination of affective and evaluative 
responses being simultaneously measured, rather than just affective responses to the music itself. 
This again supports the earlier stated need for future work to intentionally investigate affective and 
evaluative responses as distinct.  
 
This potential ‘sadness artefact’ could be explained as resulting from sadness being the only ‘negative’ 
emotion on the GEMS, aside from tension, therefore could be a measurement artefact, as discussed 
later. Measurement artefacts could also explain the mixed findings of emotional profiles regarding 
these two types of music and musical emotion, which seemed to depend upon the emotion measure 
used in the current work. What is clear is more work is needed that does not assume all responses to 
music are pleasurable. More work is also needed that specifically seeks to understand music-evoked 
sadness and tension in more detail and depth, or the negative emotion space more generally with 
music. It is proposed here that to effectively further investigate the co-occurrence of sadness and 
tension, more research is needed that uses both categorical and dimensional models simultaneously, 
as well as studies that utilise the entire 2D emotion space (four quadrants).  
 
Unusual in the literature, Vieillard et al. (2008) did consider the four emotion quadrants (albeit in 
terms of perceived emotion), although they specified the negative activation space as threat, rather 
than tense, as in the current thesis. On reflection, threat or anger may be easier negative activating 
emotions to elicit with music, particularly if using music associated with autobiographical memories 
or with visual stimuli. This is because threat or anger may be more easily associated with everyday 
experienced emotions compared to tension. As discussed in chapter one, and later in this chapter, 
people are poor at identifying tense versus relaxed states (Sapolsky, 2004). Therefore, tension may 
not be a salient emotional experience for people, instead anxious, angry or threatened may be more 
easily identified. Certainly anger has been the focus of music research, demonstrating angry music can 
serve as facilitating emotional processing, leading to angry music inducing positive emotions (Sharman 
& Dingle, 2015). This is another potential explanation for the mixed findings relating to ‘negative’ 
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emotions discussed above, that for some the ‘negative’ music serves a processing function, also 
eliciting positive emotion, whereas for others this may not be the case. This further supports the need 
for more research into negative emotions elicited with music. Tension is certainly perceived in music 
and associated with compositional techniques, but whether it is as readily associated with felt tension 
for people is less well-established. Angry or threatening experiences/memories/images may be more 
salient to people, as these would be potentially more relevant as they generally require an action 
response, akin to traditional conceptions of emotion. Therefore these may be more easily associated 
to, and therefore elicited with, music if instructions for music selection are based on autobiographical 
memories. This would be interesting to investigate in future work.   
 
There is a wealth of literature examining music-evoked sadness, albeit a relatively recent research 
area. Research tends to find sadness is experienced as pleasurable, rather than purely negative, or is 
experienced also in combination with high arousal, lending support to findings in the current thesis. 
Various explanations are offered in the literature (Garrido, 2017; Eerola et al., 2016; Huron, 2011; 
Vuoskoski & Eerola, 2012; Vuoskoski et al., 2012), including individual differences, music preferences, 
emotional processing styles, the influence of memories and other personal factors, the lack of 
distinction between felt and perceived emotion, the difference between affective and emotional 
valence (Schubert, 2013), or, as discussed earlier, the confusion between affective and evaluative 
responses. Music-evoked sadness is discussed in-depth in 10.5 so will not be elaborated further here. 
 
To summarise, an interesting line of future research would be to specifically focus on the negative 
activation space and compare the types of emotions that can be elicited in this space with music. 
Investigating whether some negative emotions are easier to elicit than others, and the felt experience 
of these, would be interesting for future work to consider. Work of this type may offer interesting 
insights into music-evoked emotion, and emotion more generally. This research would also include 
attempting to distinguish the different types of sadness elicited by music (Garrido, 2017), such as have 
been found in the current thesis. More work is needed to investigate the circumstances in which 
sadness co-occurs with tension, representing a negative activation sense of sadness, compared to the 
low arousal sadness experienced when associated with songs with memories, characterised by mixed 
valence. Further, it seems important to consider measurement when investigating the negative 
emotion space, in order to examine whether mixed findings represent genuine and mixed responses, 
or whether these are measurement artefacts. 
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10.3 MEASUREMENT: CATEGORICAL VS. DIMENSIONAL 
Previous research has concluded that a circumplex model is not sufficient to account for the variance 
in music-evoked emotion (Bigand et al., 2005; Zentner & Eerola, 2010a), which is somewhat supported 
by the current thesis. Based on the current work, it is recommended to use a circumplex measure that 
combines Thayer and Russell’s models (Zentner & Eerola, 2010a), such as the PAT, where arousal is 
differentiated into two separate dimensions, such as tense arousal and energetic arousal. This means 
the third emotion dimension is not rendered superfluous, and also avoids biases in measurement, as 
was suggested to be found with the SAM. Distinguishing arousal into tense (negative) and wakeful 
(neutral/positive), seems to avoid some of the issues people appear to have distinguishing arousal and 
avoids some of the conflation of arousal with valence, as was seen with the SAM. Alternatively, it is 
proposed the limitations observed here, and in previous work, in using the circumplex model are 
overcome if capturing emotions continuously, simply using a 2D space. It is recommended more 
studies utilise either, or both, of these approaches, with more work also directly comparing the 
categorical and circumplex models by measuring music-evoked emotion with both models within 
single studies, as Komosinski and Mensfelt (2016) have done. 
 
Zentner and Eerola (2010a) claim the GEMS is preferable for felt responses to music-evoked emotion, 
with standard categorical measures more suited to emotions perceived in the music, and the 
circumplex model should not be favoured. This contrasts to other work suggesting the GEMS is not 
the best model to use (Komosinksi & Mensfelt, 2016). Intensity ratings correlated with power ratings 
on the GEMS (Irrgang & Egermann, 2016), and PCA analyses showed GEMS results could be reduced 
to two dimensions: An arousal dimension that characterised intensity, and a valence dimension that 
characterised quality. The current study also finds issues with the GEMS. It would seem more work is 
needed, and it may be that different models are appropriate depending upon the focus of the study: 
if related to physiological processes, the circumplex model may be more fitting. It is suggested, 
however, that in these instances either a simple 2D space is used, capturing continuous emotions, or 
a dimensional measure that distinguishes arousal-tension from arousal-wakefulness, such as the PAT 
(Thayer, 1989; Schimmack et al., 2000).  
 
 
 
 
332 
 
10.4 UNIVERSALITY VS. SUBJECTIVITY 
There is a growing body of work in the field developing validated, emotionally evocative musical 
stimuli sets (Vieillard et al., 2008; Eerola & Vuoskoski, 2011; Lepping et al., 2015). Developing validated 
sets relies on the assumption of a universal emotional response to music (whilst it is noted at least 
one of these sets was specifically about emotions perceived). These validated stimuli sets demonstrate 
it is possible to create stimuli that elicit consistent emotional responses across people, suggesting 
universality. This thesis supports a universality to music-evoked emotion, but the strongest responses 
are contingent upon preferences, familiarity and memories to music, rather than the music itself. 
Therefore, the subjectivity of music-evoked emotion is important in determining the strongest 
emotional responses, and when considering nuanced, or specific, profiles of emotional responding. 
Therefore, utilising the universality of music-evoked emotional responses to create stimuli sets is 
useful for research purposes. However, for developing an intervention that necessitates the full 
emotional range of strong emotions, it is preferable to instead capitalise on the evidence showing the 
important of macro musical factors (familiarity, song selector, preference) to select music that elicits 
the strongest, subjective responses to music, rather than the specific musical factors within each 
piece. This enables tailored music selection, rather than sacrificing strength and range of response for 
stimulus control. However, it is interesting to observe music strongly elicits unintentional memories, 
further supporting a universal account, particularly for happy songs. Even though the memory is 
personal, the eliciting stimuli evoke similar emotional content across people, and this demonstrates 
the aesthetic and emotional value of music relative to other emotionally evocative stimuli.  
 
As specified in the general introduction, this thesis has offered insights into the universal/subjective 
debate regarding music-evoked emotion. Previous findings in the literature, as well as in this thesis, 
support both a universal as well as a subjective account of music-evoked emotion, as discussed above. 
It seems there is a universality to music-evoked emotion, particularly if the musical culture of the 
listeners matches the music, whether musical culture is defined as geographical or related to musical 
experience such as genre, training, familiarity. However, subjectivity occurs when music is most 
familiar, most liked, self-selected, associated with certain types of autobiographical memories, and 
determines the strongest, as well as specific, emotional responses. In relation to musical emotion 
theory, it is posited that (what the author calls) interactionist models (Juslin, 2008; Scherer & Zentner, 
2001) explain the ‘musical cultural’ context, with mechanisms such as brainstem reflex determining 
universality, but mechanisms such as episodic memory determining subjectivity. The music-specific 
theories (Huron, 2006; Meyer, 1956) then explain universality by specifically explaining the process 
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underpinning the emotional contagion mechanism within the interactionist models. The interactionist 
models can be thought of as macro models, with music-specific theories explaining the micro level of 
a specific strand in the interactionist models. The music-specific theories explain universal emotional 
responses and recognition to music, and it is suggested here these occur only if certain 
contextual/factors are present, as explained in interactionist model. Therefore, these mechanisms of 
the music-specific theories are superseded by personal and contextual factors in the interactionist 
models. When these are present, emotional responses become subjective. More systematic and 
comprehensive work investigating the context and personal factors of the interactionist models is 
needed in order to understand the influence and interaction of the various factors, potential 
circumstances under which influence and interactions change and how these relate to music-specific 
emotion theory explanations. It is worth noting that most research examining structural musical 
factors has investigated their influence on emotions perceived in the music, rather than felt response 
(Komosinski & Mensfelt, 2016). There is therefore a need not only for more work examining the 
contextual and personal factors of interactionist models, but also more work examining the music-
specific theories, and the relationship of performance and structural factors on music-evoked 
emotion, rather than on perceived emotion. Work is beginning to emerge that examines the interplay 
of these factors (Liljeström, Juslin & Västfjäll, 2013; Juslin et al., 2011). Research examining the 
interplay of factors is largely conducted in specific research groups, under Juslin who proposed the 
theory, and therefore other research groups are encouraged to also build the evidence base in this 
area. Furthermore, I suggest that until music research is conducted outside of a predominantly single 
(Western) musical culture, full understanding of the role of situational, personal and musical factors 
will be limited.  
 
Findings from study one and two support the proposition from the introduction that universal music-
evoked emotions result from musical factors (absolutism). It is suggested this occurs via emotional 
contagion, which itself results from musical expectancy, supporting music-specific theories and 
providing evidence for the musical factors (C (contagion) and M (musical expectancy)) within the 
BRECVEMA model. It is important to note that B (brainstem reflex) and R (rhythmic entrainment) in 
the model are also related to musical structure and more work should investigate these to better 
understand these musical mechanisms. However, studies one and two also demonstrated subjective 
emotional responses to music, providing evidence for other referentialism factors noted in 
interactionist models, for example Evaluative conditioning and Episodic memory from the BRECVEMA 
model. Whilst episodic memory and evaluative conditioning are two referentialism mechanisms, study 
two demonstrated that episodic memory may initially have been determined by the music itself. 
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Many of the inisights garnered in the current work result from using comprehensive methods. These  
highlight the need for more work that does not reduce methods down to dichotomies in music and 
emotion research. There is a general tendency in psychology to create dichotomous philosophical 
debates, which is evidenced in the music and emotion field. This makes sense as a reductionist 
approach to facilitate research paradigms, and considering the human necessity to categorise, but 
should not be extended to the philosophical realms. This is one reason why the interactionist models 
are a welcome addition to the field and warrant extensive empirical testing. These models reject 
attempts to relate music-evoked emotion to simple dichotomous comparisons, and future work 
should ground empirical studies in these models to move the field forward. 
 
However, these models also suggest that it is not only the musical stimulus that determines universal 
responses. When considering emotion-eliciting stimuli broadly an interesting point emerges. Given 
consistent responses are elicited to the same artistic stimuli (music, films, books) and that emotional 
facial expressions also elicit consistent emotional responses in the perceiver, these findings suggest 
the universality of musical emotion response instead reflects universal emotional responding, rather 
than stimuli themselves determining universal responses. A focus on the stimuli is useful and 
interesting, but a focus on the universality of emotional response would also be interesting. 
Evolutionary accounts of emotions explain how universal emotional responses have developed as a 
survival mechanism. Emotions developed to provide informational cues of relevance to the 
environment, intended to orient attention, appraise the context and prepare and elicit an action 
response. In survival terms, all humans would need similar responses to similar stimuli, therefore 
creating a biologically universal emotion system. What is interesting is why non-survival related stimuli 
also tend to elicit universal responses, even if nuanced in intensity, within a culture. Music is a useful 
tool for studying emotions and the field would benefit from extending research into using music as a 
tool to study emotion, rather than focussing on the music itself. It is proposed here there is a strong 
social influence to emotional responses, creating a collectively conditioned emotional response to 
culturally defined contexts.  This is partially supported by cross-cultural evidence, as well as a universal 
account of emotional response. There is similar evidence with music-evoked emotion that shows 
subjective responses determined by culture, and also universal responses to music. Future work 
should use music to investigate the universality of nuanced and specific emotional responding to non-
survival related stimuli, with a focus on the emotional response patterns, rather than the eliciting 
stimuli.  
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10.5 THE INFLUENCE OF SOCIAL CONDITIONING ON EMOTIONAL RESPONSE 
This idea of culture defining universal emotional responses is proposed as relating to two interesting 
and unexpected findings in the thesis. Firstly, that music-evoked sadness showed an inconsistent 
quality of reporting and experience dependent upon measure. Secondly, participants seemingly are 
adept at differentiating along the valence dimension of emotion, but not along arousal dimensions. 
These will be discussed here. 
 
Across the current work, music-evoked sadness was reported as inconsistent in quality and where it 
falls on the emotion space, which only became apparent because both a categorical and a circumplex 
measure were used simultaneously. This enabled this pattern to be identified. The mixed nature of 
music-evoked sadness has been extensively discussed in the literature. Studies show sometimes it is 
pleasurable (Sachs, 2015), sometimes it is associated with high arousal and sometimes it is 
experienced in the low arousal, negative valence space (Garrido, 2017). This mixed pattern in the 
literature is consistent with findings in this thesis, and Schubert (2013) explains mixed results by 
distinguishing affect valence from emotion valence. However, what this thesis demonstrated is that 
the measure used to capture music-evoked emotion determines the way music-evoked sadness is 
interpreted and this should be considered in future research.  
 
Garrido (2017) shows sad music is incredibly popular, Eerola et al. (2016) evidence how “loved” sad 
music is, and Shifriss et al. (2015) and McFerran (2016) show individual differences in those that select 
sad music regularly. One theory to explain why listeners like feeling sad comes from Randall and 
Rickard’s (2017) model, showing music is used to maintain emotional homeostasis, rather than for 
purely pleasurable and hedonic purposes. Garrido (2017) suggests sad music is listened to as it 
functions as a compensatory, cathartic mechanism to release sadness and find resolution. Davies 
(1997) suggests listeners do not like sad music per se, but music’s ability to elicit the full emotional 
range means listening and feeling sad to music is part of the wider emotional experience of music 
listening, termed the organicist explanation.  Conversionary explanations (Levinson, 1990) suggest 
music enables elicitation of an “essence of sadness”, which is distinct to real-life sadness as there are 
no causal conditions. Eaton (1982) suggests music listening allows listeners to access emotions they 
may otherwise avoid as they have control over the stimuli. This means music has a sense of agency 
and control not present in everyday emotional experience. The conversionary accounts align with the 
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author’s perspective. Because of the control one has over emotions experienced to music, they are 
safe to be experienced, as one can turn the music off. Because sadness is experienced to music, rather 
than an imminent negative situation, listeners are willing to feel it, when they may otherwise avoid 
sadness. This explains why music has such potential for an emotion regulation method. This idea 
supports Levinson’s (1990) explanation, suggesting music can elicit a purer version of sadness, free 
from the negative evaluations and associations of sadness that come from the influence of social 
conditioning and individual experience. This offers the potential for alternative emotional regulation 
strategies to be developed to better manage and cope with negative emotions, in this case sadness. 
This means music can be used to enable people to ‘safely’ feel and experience negative emotions they 
usually avoid, which is why a music-based listening intervention eliciting the full emotional space was 
designed here. More work should investigate music’s potential to elicit “purer” experiences of 
negative emotions and how these can be used to aid emotion regulation interventions, by highlighting 
the listener’s sense of agency in the emotional experience to music. 
 
A review by Finn and Fancourt (2018) suggests that music listening’s primary benefit physiologically is 
in modulating the stress response, defined as arousal, and found effects irrespective of genre, song 
selector or listening duration. However, most of the included studies used classical music, and it is 
argued here that these findings may result from the methodological approach and focus of 
intervention, rather than music being limited biologically to modulating stress. Indeed, findings from 
study three and other evidence (Chanda & Levitin, 2013; Li et al., 2010; Yamasaki et al., 2012) 
examining alternative biological effects of music suggest music could be used to influence biological 
state in other ways, although how these could be helpful needs further exploration and testing. It is 
important that future work and music interventions move away from limiting music’s benefit merely 
to reducing stress, and instead explore the potential it offers to emotion regulation in the broadest 
sense. It is proposed the current intervention could be extended and tested as a way to investigate 
music’s potential to modulate the body beyond the stress response, via interoception, or by utilising 
music’s strong associative capacity with memory, via BDNF. 
 
However, a more interesting point also emerged relating to sadness and culturally defined emotional 
responses. The above discussions demonstrate attempts to explain why people would choose to feel 
sad, which implicitly suggests it is a feeling people should not want to experience. This is further 
evidenced in the literature by titles such as “why are we attracted to sad music?” (Garrido, 2017); 
“Who enjoys listening to sad music and why?” (Vuoskoski et al., 2012); “why is sad music pleasurable?” 
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(Huron, 2011). White and Rickard’s (2015) instructions demonstrate the social resistance to sadness, 
by instructing participants to “strengthen happiness” and “reduce sadness” whilst listening to music. 
This negative appraisal of sadness has a long history, although melancholia used to be much more 
acceptable. The rise of medically defined affective disorders as pathological and positive psychology 
emphasising the pursuit of happiness is attributed as contributing to this socially conditioned rejection 
of “negative” emotions. In evolutionary terms, negative emotions were more important to survival, 
therefore an attention to negative emotions is adaptive. This explaines the negativity bias humans 
exhibit, albeit this is modulated by mood state (Chen, Yuan, Huang, Chen & Li, 2008). Therefore, the 
current cultural view that negative emotions should be avoided does not make adaptive sense, and 
interventions that enable individuals to comfortably experience negative emotions are encouraged, 
which is one aim of the mindfulness movement. 
 
The research cited above demonstrates that music research into sadness frames sadness in a negative 
way and as distinct from other emotions. This shows the social conditioning that underpins emotional 
experience. However, that there is a purer, “essence” of sadness that is not threatening, as it is not 
accompanied by situational context, illustrates the experience of emotions themselves are not 
negative. Instead it is the evaluations, judgements and appraisals that lead to the negative appraisals 
that results in avoidance emotion regulation strategies. It is suggested that music-evoked sadness, 
when not accompanied by memories, is positioned where expected in the negative deactivating 
quadrant in the 2D emotion space, and may also contain pleasurable aspects, so could be thought of 
as occupying the low arousal space more generally. However, when it is accompanied with personal 
memories, it is associated with situational contexts that were unpleasant and therefore accompanied 
with high arousal. The compensatory account explicitly states listening to sad music enables a tension 
release to process sadness. This is one explanation for why sadness and tension co-occur, supported 
in the current thesis. However, it is suggested here the felt experience of sadness itself is not highly 
arousing, but instead the label of sadness is either used to reflect misery, pain, distress, or it is the 
evaluation that sadness is “negative” that leads to a resistance to experience it. It is therefore this 
evaluation, that sadness requires denial/avoidance/suppression, that in fact makes it tense and 
arousing. More work into sadness as an emotion is needed, including work that explores what types 
of sadness are experienced as highly arousing, under what circumstances, and what it is about the 
experience that elicits high arousal. Work of this nature would lead to more understanding of the 
mixed nature of sad responses and lead to better understanding of its appropriate place in a 2D 
emotion space. This is important because currently the evidence relating to music-evoked sadness 
suggests it is misplaced in the 2D emotion space that it currently occupies, and this low arousal, 
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negatively valenced quadrant does not match the felt experience of sadness to music.  This is of 
interest because sadness does not make intuitive sense as a low arousal emotion in an evolutionary 
conception based on an approach-avoidance explanation, which states sadness should be avoided. 
Therefore, it is perhaps an emotion of action, rather than rest and restoration. However, if framed in 
terms of grief, it could be better conceptualised as requiring an act of restoration, therefore fitting a 
low arousal space. Of particular interest is how much it is a highly arousing emotion and how much of 
the high arousal of sadness comes from an internal judgement that sadness is “bad” and “negative”, 
which is inherently implied even in titles of research articles. Mindfulness as an approach would 
suggest it is the thoughts we have about the meaning of particular emotions that are problematic, 
rather than the experience of the emotion itself. Much more work is needed in this area.  As already 
discussed, more work in this area would lead to more understanding about the co-occurrence of 
sadness and tension found in the current thesis, and also explain when they do not co-occur. This type 
of investigation is currently absent from the music-evoked emotion literature, but is important if music 
is to be used for emotion regulation purposes.  
 
The mixed nature of sadness, and other findings across the thesis, suggest that a musical emotion (and 
emotions more generally) may be labelled with the same emotional label, but it is not always 
experienced in the same way. Further, the same emotion can be elicited by different mechanisms and 
processes in different situations. Some emotions result from cognitive appraisals, some are automatic 
from experience and some result from pre-conscious processing. These different processes do not 
necessarily mean they are not emotions, but instead that the cues are at a different perceptual level. 
Therefore, competing emotion theories are welcomed and appropriate to different emotion 
elicitations. The current work suggests these competing emotion theories operate based upon 
individual differences in interoceptive ability. This means in research the selected theoretical 
framework, and therefore associated measures, should be intentionally selected based on the 
intended context and use. More work is needed generally to more fully understand the different 
situations, mechanisms and experiences of elicited emotions. Research should investigate whether 
these different processes lead to differences in experiential quality of emotion, even if the emotional 
label is the same.  
 
The second point relating to socially conditioned emotional responses relates to evidence across the 
thesis showing participants identified and differentiated emotions along the valence dimension but 
seemed poor at identification and differentiation of the arousal dimension. The first two studies 
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strongly evidenced this, but results could have been an artefact of measurement.  However, in study 
three the range of the low arousal space was well used in subjective reporting. Further, physiological 
evidence suggested physiology preceding subjective emotions differentiated the high and low arousal 
space. This shows there is arousal differentiation at a physiological level, but it does not translate to 
the subjective experience. When physiology followed subjective emotion ratings it was the valence 
dimension that was differentiated and determined physiological responses. These findings suggested 
the pattern across studies was not an artefact of measurement but instead show a clear 
demonstration that people easily subjectively differentiate their emotional experience along the 
valence dimension, but are poor at differentiating their subjective emotional experience in terms of 
self-reported ratings in the arousal dimension. Arousal cues are misidentified as valence cues. 
 
Barrett’s research with collaborators over the last fifteen years has proposed that individuals differ in 
their valence focus and arousal focus. Unfortunately, there is currently no way to measure this, instead 
it is inferred from subjective emotional responses within empirical work. However, given the 
dominance of what could be viewed as valence focus in this current thesis, and the supporting 
physiological evidence, it is suggested as unlikely that everyone was high on valence focus and low on 
arousal focus. If this was the case it would still need to be explained why this valence focus occured 
so strongly across the studies and across participants. One explanation could be cultural: our innate 
need to categorise and the language used to frame emotions could lead to a culturally conditioned 
valence focus. Future work should look to develop measures for valence and arousal focus to get more 
understanding of these individual (or cultural?) differences. 
 
As introduced above, throughout the thesis inferences were made from the pattern of results that 
people were good at differentiating along the valence dimension but were poor at distinguishing along 
the arousal dimension for their felt emotion. This was supported by physiological results as well. 
Several explanations could be possible. Perhaps people distinguish along the valence dimension, not 
arousal, because this is the dimension that is used to evaluate and label the subjective experience of 
emotion, based on an evaluation of the context, once the physiological signals have been received. 
This links to the approach/avoid evolutionary purpose of emotion to guide adaptive behaviours, 
where arousal was used to cue attention, and then appraisal of the context led to valence 
differentiation. Positive appraisals drive approach behaviour, to gain reward and either hedonic or 
eudaimonic gains. Negative appraisals drive avoidance behaviour for protective reasons. This means 
valence is the salient dimension in making emotional judgements. This process of arousal followed by 
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valence, is supported by neuroscientific classification work of affective states (Liu et al., 2011). 
Therefore, valence cues may be more important in subjective emotional experience than arousal cues, 
with arousal cues triggering an attentional focus, but valence appraisals determining the resulting 
action, following a conscious emotional labelling of the context determined by valence. Predictive 
physiological studies show arousal was better classified than valence (Tandle et al., 2018; Kim & Andre, 
2008), supporting the notion of physiology triggering an emotional awareness at some level. These 
previous studies contrasted to the current study, where valence was better predicted by physiology, 
which is suggested as resulting from methodological/analytical differences. For example, previous 
predictive studies have used physiology to predict the four quadrants of the 2D emotion space 
categorically, whereas the current study used physiology to predict nuanced, continuous measures of 
subjective emotion. This meant rather than simply the emotion quadrant was predicted, instead the 
nuanced emotional response was predicted, which would therefore explain why valence was better 
predicted, given the above posited explanation. Taken together, these studies and the current work 
would therefore support that physiology triggers low level arousing awareness of an emotional event, 
but the appraisal of the situation, and resulting valence, is more prominent in the specific, nuanced 
subjectively experienced emotion. More work is needed to understand how arousal and valence 
inform emotional experience, the role of the body and the mind in this process However, results 
showed tense music did not align with this position, as it was defined across the studies purely by 
arousal. Some of the findings suggest that valence differentiation is not clear in the high arousal space 
or in the low arousal space, and instead valence and arousal are conflated into simply positive and 
negative. 
 
Previous work (Kim & Andre, 2008) suggested ANS physiological methods were preferable to 
neuroscientific methods at classifying emotion, and they better differentiate arousal states as this is 
the purpose of the ANS system. However, the current work found valence was better predicted than 
subjective arousal based on ANS physiological patterns, similar to Najji et al. (2014). More work is 
needed to ascertain under what circumstances ANS activity better predicts subjective valence 
compared to subjective arousal. One explanation could be the use of continuous self-reported 
emotions in the thesis, as discussed above. If people differentiate by valence, not arousal, capturing 
continuous measurement would bring valence to the forefront of scores, rather than arousal. Future 
work should test this directly.  
 
341 
 
Interestingly, recognition systems seem to better recognise high arousal states, potentially suggesting 
low arousal states are difficult to identify from EEG signals, despite certain positions, such as FC6, 
denoting arousal (Liu, Sourina & Nguyen, 2011). However, work does suggest that arousal state must 
be differentiated first, followed by valence (Sourina et al., 2011). This lends support to the idea that 
arousal differentiation is the key physiological component, and valence is secondary. It is therefore 
useful to consider why valence is so much more salient to subjective experience and therefore 
demonstrates a need for interventions to train arousal focus. This is also of particular use in stress 
management (Sapolsky, 2004). An extension of this suggestion is that whilst high arousal state 
physiological cues are salient (increased HR, increased breathing, sweating etc.), low arousal state 
cues are much less salient. So whilst high arousal states are easily recognised, low arousal states are 
not, and therefore this is not the dimension used for differentiation. Because high arousal states are 
salient, whereas low arousal states are not, we are not familiar with these cues, so do not differentiate 
along the arousal dimension. This would also support ideas relating to the prevalence of chronic stress 
(Sapolsky, 2004), and lends support for more work into music’s anxiolytic effects and role in stress 
management.  
 
However, as previously mentioned, valence focus may be the result of the category boundary we are 
socially conditioned into using. For instance, Argstatter (2015) found that happy and sad were 
recognised in music consistently across cultures, irrespective of whether the participants and the 
music were from the same musical culture, whereas other emotional distinctions were not. Whilst this 
category boundary may have arisen from evolutionary mechanisms, and humans innately categorise 
and construct category boundaries, the positive/negative valence category is certainly perpetuated 
within current culture. That the happy-sad dichotomy is the most studied in music-evoked emotion 
supports this implicit bias. The previously discussed point about social resistance to sadness and other 
negative emotions also relates to this point, showing how evaluations about emotional experience, 
and that determine emotion regulation style, are based upon a valence differentiation. This is 
interesting, as in the current day arousal states pose more threat to our survival than positive/negative 
contexts. The role of chronic stress in a plethora of health conditions, resulting from chronic arousal 
activation, supported by a social context that values doing, achieving and activity, rather than rest and 
downtime, creates this modern arousal threat. The wellbeing (and mindfulness) movement is 
beginning to counter these social judgements, therefore creating an opportunity to explore whether 
these socially created judgements lead to valence focus and whether an increase in sedative states 
will lead to increased arousal focus. Psychophysics research could also investigate the category 
boundaries involved in emotion experience and judgement, which could shed light on valence focus 
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and its role in emotion differentiation. Also more work is needed to investigate the implications of this 
valence focus on other aspects of experience and functioning.  
 
However, it is worth noting the valence focus could also be an artefact of the positive bias in the 
emotion measures, which also potentially results from this preference to experience positive 
emotions rather than negative emotions. The categories on the GEMS are predominantly positively 
valenced and findings from study one and two suggested the arousal dimension of the SAM was in 
fact measuring positively valenced arousal, rather than also capturing negatively valenced arousal 
emotion experiences. More work is needed to ascertain whether positive emotions are more often 
experienced and this is therefore reflected in measures. Alternatively, a valence focus may be the 
result of valence biases in emotion measurement. It would be interesting to attempt to identify 
whether social conditions create a valence focus favouring positive emotions, or whether this is innate 
and therefore simply reflected in measurement. However, that the 2D space measure, which has no 
bias, also evidenced a valence focus suggests this is more than an artefact of measurement. It could 
be an artefact of music-evoked emotion, although Barrett’s (2006) work would suggest valence focus 
is prevalent in everyday emotion.  
 
More work is needed to identify the prevalence of valence focus compared to arousal focus and the 
possible explanations for each of these individual differences to occur. It is proposed here valence 
focus dominates and this results from socially conditioned emphasis on valence. It is suggested this 
focus needs shifting to better differentiate along arousal dimensions as this serves more adaptive 
functions in the modern world. 
 
Interoception has been linked to valence and arousal focus and therefore the insights regarding 
interoception garnered from the thesis are now discussed. 
 
10.6 INTEROCEPTION 
Interoceptive sensitivity has been linked to arousal focus, defined as the extent to which someone 
subjectively emphasises arousal in their experience of emotion (Barrett, Quigley, Bliss-Moreau & 
Aronson, 2004), proposing that bodily cues are more salient for subjective ratings of arousal as 
compared to valence. Barrett et al. (2004) propose that bodily cues of arousal may not translate into 
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explicit arousal ratings, but act more as cues to indirect, general states of activation. This lends support 
to some of the perspectives introduced in the above discussion in 10.5. They acknowledge this is 
somewhat determined by emotion measurements used, such as Likert scales.  However, they report 
individual differences, with those individuals high on arousal focus associated with high interoceptive 
sensitivity. This was not supported in the current study, instead those high on interoceptive ability 
were better able to use both arousal and valence cues to inform emotional experience, and rely on 
internal guiding signals, rather than contextual cues, to identify emotional state. More work is needed 
to test the role interoception plays in arousal and valence focus. 
 
Barrett (2006) also proposes an individual can have differing amounts of valence focus, which also 
influences perception of facial emotion cues and expression (Barrett & Niedenthal, 2004). However, 
she suggests valence is a fundamental part of emotional experience, resulting from appraisal of the 
context, and it is suggested from the results of this thesis that people tend to be high on valence focus, 
but low on arousal focus. This was not tested in the current set of studies and would be a useful 
addition to future work as this is a largely unexamined area in the literature. An alternative position is 
that the majority of people are poor at differentiating along subjective arousal, and only negative 
activation states in the body strongly determine arousal ratings, as a result of conditioned experience, 
as discussed earlier. This finding is interpreted as evidence of heart rate and breathing rate increases 
being salient during fear, anxiety and panic, but not reported during excitement states. It is argued 
that arousal, particularly as represented in the body, is only salient when the context is appraised as 
negative and therefore the bodily cues need attention, explained by evolutionary models of the role 
of fight/flight in survival and the established presence of an innate negativity bias. This would support 
the findings relating to tense music in the current thesis. Neuroimaging meta-analytic evidence also 
suggests that valence is general and flexibly activated across limbic and paralimbic areas, rather than 
two separate neural pathways for positive and negative affect, or a single pathway that is activated to 
varying degrees reflecting increasing or decreasing valence (Lindquist, Satpute, Wager, Weber & 
Barrett, 2016). Evidence also suggests there is not a simple, fixed relationship between arousal and 
valence, with arousal determined by valence, which is supported by the current thesis. The lack of a 
fixed relationship between arousal and valence was further supported by study three, where the 
relationship between subjective arousal and valence scores differed based upon emotion quadrant of 
the songs, and also based on type of emotional event. Instead the relationship between arousal and 
valence reports are dependent upon culture, individual and context (Kuppens, Tuerlinckx, Russell & 
Barrett, 2013). This idea needs to be reflected in the measurement of emotion, and further supports 
the use of a simple 2D emotion space to better explore how these two dimensions may function 
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together for an individual under different situations. Based on findings in this thesis, it is suggested 
that the relationship between arousal and valence changes, even within a single situation and person, 
dependent upon the affective quadrant in question. Future work should investigate this as it is a 
potentially very interesting line of work that is largely unexplored in the literature currently.  
 
Interoception is a person’s ability to perceive physiological signals. It is not necessarily defined in the 
literature the role interoception may (or may not) play in non-conscious homeostatic regulation, as 
compared to conscious awareness of physiological states, although this is implied theoretically. One 
avenue of research would be to attempt to disentangle these two aspects. An extension of this 
comment applies to how interoception is currently theorised and measured. The limitations of 
heartbeat tasks as the measure of interoception are widely acknowledged (Ring et al., 2015; Kleckner 
et al., 2015). Indeed, it was the experience within this thesis that many participants anecdotally 
reported attempting to count seconds and guessing the number of heartbeats based on the passage 
of time, rather than actually attending and experiencing them directly. This suggests individuals 
overestimate their interoceptive ability and this could therefore have resulted in the weak moderating 
effects seen in study three. It also explains why self-reported interoception measures do not correlate 
with the heartbeat task data. Further, the self-report measures are confusing. The wording asks one 
to “report how aware are you of…”. As participants pointed out, if they are not aware of something, 
how can they report their level of awareness. Where the self-report approaches are superior, it is felt, 
is their attempt to capture awareness of physiological signals during everyday life. One could argue 
the ability to track one’s heartbeat in a silent, focussed situation is never going to be representative 
of someone’s actual ability to be aware of physiological signals and bodily states during everyday life. 
Therefore, it is suggested here that the heartbeat tasks can never be considered a measure of 
interoceptive ability, awareness or sensitivity. White and Rickard (2015) also suggest that whilst heart 
rate is related to induced emotional state, it is not altered by intentional instructions to regulate 
emotional response. This is contrary to the body of work using heart rate for biofeedback. White and 
Rickard’s (2015) findings instead suggest when directly instructed to focus on heart rate and alter it, 
as is standard in biofeedback approaches, this does not translate into situations where people are 
instructed to regulate their emotions. This may suggest heart rate is not part of the subjective 
experience of emotion, although this was not supported by results in the third study. However, it was 
shown heart rate predicting subjective emotion is not moderated by interoception. The utility of 
heartbeat tracking is therefore called into question as a measure of interoception and as related to 
interoception’s role in emotional experience. Further, evidence showing heartbeat is modulated by 
arousal state means using it as an interoceptive measure may bias results for high arousal states. This 
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means the heartbeat tracking task potentially measures those predisposed to high arousal states 
rather than interoceptive ability. This is supported in the literature. A task would need to be developed 
that instead captured awareness of bodily states and sensations whilst undertaking other activities. 
This is particularly relevant when considering the role of interoception in emotion. Being adept at 
experiencing, processing and using emotions to navigate effectively in life requires the ability to 
monitor emotions ‘online’, in real-time. Therefore, it seems logical that any measure of interoception 
to examine its role in emotional experience must be able to ascertain one’s ability to be aware of 
bodily states and how they lead to emotional experience in an online, real-world setting with 
competing inputs.  
 
These points illustrate that perhaps more research efforts should be directed to better understanding, 
and measuring, interoceptive ability, before attempting to relate it to the many phenomena it is 
currently being linked to. Through better understanding, definition and measurement, it would also 
benefit the work that relates interoception to other phenomena. It is suggested here that awareness 
of physiological signals that an individual uses to infer emotional state may be distinct from, and 
certainly more complex, than simply ANS physiological signals. There is a move within the literature 
to differentiate interoception into separate dimensions. Critchley and Garfinkel (2017) suggest three 
dimensions: objectively measured interoceptive performance (as measured by the behavioural score 
on heartbeat tracking tasks); subjective interoceptive awareness, measured as what a person believes 
their ability to be at perceiving interoceptive signals, either by self-report or by confidence ratings of 
their performance on the heartbeat tasks, and a metacognitive measure of interoceptive awareness 
or insight, as measured by the relationship between the actual performance and the belief about 
performance. It is not entirely clear how these conceptions relate to previously used terminology, 
often used interchangeably, such as interoceptive sensitivity, interoceptive accuracy, interoceptive 
ability, interoceptive awareness, interoceptive sensibility and interoception. Whilst work is beginning 
to differentiate interoception into separate psychological dimensions, this appears to be related to 
how it is measured, rather than using the study and understanding of interoception to inform how it 
is measured. Lending support to what has just been put forward is evidence from other measures not 
related to cardiac tracking, from specific disorders such as respiration in asthma and the gut and 
bowels in gastrointestinal disorders. Interestingly, and further challenging the notion that cardiac 
tracking measures interoceptive ability, measures of cardiac and respiratory interoceptive accuracy 
are weakly related (Critchley & Garfinkel, 2017), although there is some evidence that cardiac 
interoceptive awareness relates to gastric sensitivity (Herbert, Muth, Pollatos & Herbert, 2012). 
Another study showed gender differences for interoception as measured by cardiac awareness, but 
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not respiratory awareness (Suschinsky & Lalumière, 2012). This suggests one of two things: 1) 
interoception of each physiological sensation is a separate and distinct process. However, this makes 
no sense theoretically and does not align with how interoception is theoretically conceptualised. 2) 
Therefore more likely, the objective measures currently used are poor, or signal specific, rather than 
signal general, therefore should not be used as general measures of interoception. Heartbeat-evoked 
potentials may offer better indications of interoception (Fukushima et al., 2011), and are more 
practical with the advent of mobile, wearable technology, and is one suggested avenue to explore in 
developing better measures of interoception.  
 
Research such as Breugelmans et al. (2005) demonstrates that universal somatic experiences of 
different emotion states rarely refer to heart rate, breathing rate, facial muscle movements and 
certainly not skin conductance. It is therefore suggested that body signals, and therefore 
interoception, as related to subjective emotional experience is distinguished from physiological 
signals, and interoception as relevant to experiences of physical states, such as pain, hunger and 
temperature. Consequently, it is proposed here that, rather than being a single process or mechanism, 
interoception is in fact a set of processes dependent upon whether the object of interest in 
homeostatic, physical or emotional. These may not always be independent, but they may be. More 
work is needed to investigate this proposal, in turn requiring wider investigation into what are the 
experiential somatic markers of emotional experience compared to simply the physiological. There is 
work out there that examines these separately from distinct fields, and some such as Breugelmans et 
al. (2005) that brings them together. However, much more is needed and work that specifically 
examines the role interoception, or interoceptive processes, may play. More work distinguishing 
interoception from other sensory modalities is necessary to further understand its role in a broad 
range of mental health concerns (Khalsa et al., 2017).  More work is needed to specifically investigate 
the role interoception may play in explaining or determining emotion regulation strategies. Work 
investigating these potential links could also shed light on determining under which circumstances an 
inverted-U shaped model of optimal interoceptive ability is appropriate (Naqvi & Bechara, 2008) and 
under which circumstances a positive linear model of interoceptive ability (Fogel, 2013) is applied. It 
is suggested any investigations would need to consider individual differences as well as the 
behavioural phenomena in question. 
 
10.7 CONCLUSIONS: 
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This thesis has provided novel insights into the influence of macro musical factors, and their 
interactions, on music-evoked emotion. It also provided novel insights into the nuances of emotional 
response profiles to music, and the different emotional contexts that differentiate these responses. 
The thesis also provided new learning into the relationship between subjective and physiological 
responses to music, grounded in emotion theory. Investigations suggested inconsistencies in previous 
findings in the literature are partially due to methodological approaches, and thus call for more 
systematic and comprehensive methods to be used, grounding empirical work into music-evoked 
emotion within theoretical frameworks. The role of interoception in music-evoked emotion was 
explored for the first time, showing its moderating influence and offering potentially important 
insights into how interoception underpins previously observed differences in emotional experience 
and regulation. A novel music-based intervention to train interoceptive ability was piloted, with results 
supporting the potential of this intervention and a need for further testing. Overall, the thesis suggests 
something special about music-evoked emotion, meaning the use of music as a tool to study emotion 
more generally is strongly encouraged.  
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APPENDIX A - DEMOGRAPHIC QUESTIONNAIRE FOR STUDY ONE 
 
Participant number: ………………  
Age: ………………………………………. 
Gender: ………………………………… 
Occupation: ………………………….. 
 
Musical Ability: (Please tick one of the following):  
• Professional musician: those people who are performing artists, full-time music teachers, or full-
time university/conservatory music students.  
• Amateur musician: those who play a musical instrument regularly but whose profession is outside 
the field of music.  
• Infrequent/Previous musician: those who play infrequently but in no regular capacity or those 
who used to play regularly but do not anymore.  
• Non-musicians: those who do not play a musical instrument and have not done so in any regular 
capacity throughout their life.  
 
Relationship with music:  
• How often do you listen to music? (please circle the appropriate answer) 
 
3+hrs a day   1-3 hrs a day   every other day  
twice a week   less than once a week 
 
• Where do you usually listen to music?:  
 
• What do you usually do at the time?:  
 
• How often do go to see music performed (live band/specific DJ)? 
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(please circle the appropriate answer) 
 
Never 1-4 times a year Every couple of months  At least once a month 
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APPENDIX B – PREFERENCE, FAMILIARITY AND TYPICALITY RATINGS 
 
Preference, Familiarity and Typicality of Genre (Felt) 
With this set of rating scales you are asked to rate liking, familiarity and the typicality of the piece 
to the genre for each individual track. For each track please circle the appropriate rating for the 
following scales:  
 
1. How much you like it: 1 = strongly disliked to 5 = strongly liked.  
2. How familiar the track is: 1 = Unfamiliar to 5 = Familiar.  
3. How typical the track is for its genre: 1 = Unusual of the genre to 5 = Typical of the Genre.  
 
You can complete these scales at any point during the 2 minute listening of that track.  
 
Track 1 
 
Strongly dislike 1 2 3 4 5 Strongly like 
Unfamiliar 1 2 3 4 5 Familiar 
Unusual of genre 1 2 3 4 5 Typical of genre 
Track 2 
 
Strongly dislike 1 2 3 4 5 Strongly like 
Unfamiliar 1 2 3 4 5 Familiar 
Unusual of genre 1 2 3 4 5 Typical of genre 
Track 3 
 
Strongly dislike 1 2 3 4 5 Strongly like 
Unfamiliar 1 2 3 4 5 Familiar 
Unusual of genre 1 2 3 4 5 Typical of genre 
Track 4 
 
Strongly dislike 1 2 3 4 5 Strongly like 
Unfamiliar 1 2 3 4 5 Familiar 
Unusual of genre 1 2 3 4 5 Typical of genre 
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Track 5 
 
Strongly dislike 1 2 3 4 5 Strongly like 
Unfamiliar 1 2 3 4 5 Familiar 
Unusual of genre 1 2 3 4 5 Typical of genre 
Track 6 
 
Strongly dislike 1 2 3 4 5 Strongly like 
Unfamiliar 1 2 3 4 5 Familiar 
Unusual of genre 1 2 3 4 5 Typical of genre 
Track 7 
 
Strongly dislike 1 2 3 4 5 Strongly like 
Unfamiliar 1 2 3 4 5 Familiar 
Unusual of genre 1 2 3 4 5 Typical of genre 
Track 8 
 
Strongly dislike 1 2 3 4 5 Strongly like 
Unfamiliar 1 2 3 4 5 Familiar 
Unusual of genre 1 2 3 4 5 Typical of genre 
Track 9 
 
Strongly dislike 1 2 3 4 5 Strongly like 
Unfamiliar 1 2 3 4 5 Familiar 
Unusual of genre 1 2 3 4 5 Typical of genre 
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APPENDIX C – GENRE PREFERENCES RATING SHEET 
 
Instruction sheet Part 1  
Thank you for agreeing to take part in this study. Before you come to take part in the study I need you 
to do 2 things using the genre list below:  
 
1) Please number the genres in the liking column from 1 to 16 with 1= most disliked and 16= most 
liked/preferred. 
 
2) Please rate each genre in the strength of preference column from 1 to 5 where:  
1 = Most Disliked/Least listened to  
2 =Disliked/Listened to rarely  
3 = Moderate-preference or dislike/Occasionally listen to  
4 = Liked/Listened to  
5 = Preferred/Most Listened to  
 
Genre Label 
 
Liking  
 
Strength of Preference  
 
Alternative    
Blues   
Classical    
Country    
Dance    
Electronic    
Hip-Hop/Rap    
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Jazz    
Metal    
Pop   
R&B/Soul    
Reggae    
Rock    
Singer/Songwriter    
Vocal    
World   
Once you have done this please email me back your responses to s.e.campbell@surrey.ac.uk  
I will then contact you about selecting some music and arranging a day to come in for the study, which 
will take no more than 2 hours.  
 
Please do not hesitate to contact me with any queries you may have about the study.  
 
I would also like to remind you that you are free to withdraw from the study at any time without 
having to specify a reason.  
 
Thank you for your time. 
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APPENDIX D – PROCESSING OF MEASURES FOR DATA ANALYSIS STUDY ONE 
 
Data Analysis: 
In order to capture strength of emotional response, the highest value was taken as the measure of 
strength of emotion. In the case of the GEMS-9, measured on a scale from 1-5, 5 was the strongest 
emotional response possible, irrespective of which or how many of the nine emotions had received 
this rating.  
 
In the case of the SAM the midpoint of the scale represents neutral. In terms of strength of emotional 
response, a 1 on the scale is equivalent to a 9. Therefore the SAM dimensions were recoded to form 
a five-point scale, with 1 = neutral and 5 = strongest emotional response. Again, the strongest 
emotional response was used in analysis, irrespective of the dimension it applied to.  
 
In the literature, for the circumplex model of emotion, it is very common for three factors to emerge. 
There is unanimous agreement as to the first two dimensions representing valence and arousal. 
However agreement regarding what the third dimension represents is low. In terms of the SAM, this 
third dimension is a dimension of dominance. Participants tend to find this a very difficult dimension 
to work with and often verbally report it not making sense to them or not understanding how to relate 
it to their feelings. For this reason analyses have been run on the SAM for the two dimensions of 
pleasure and arousal, and then again for the three dimensions of pleasure, arousal and dominance, as 
there is no strong theoretical reason why music-evoked emotion would be related to the dominance 
dimension. 
 
For the PAT, there are three bi-polar pairs for each of the three dimensions on the scale. For Pleasure 
(P), Mean((Pleasant-Unpleasant),(Good-Bad),(Positive-Negative)). This is then repeated for the 
Arousal-Wakeful scale and again for Arousal-Tension. As the measure captures responses 1-4, scores 
can range from -3 - +3. For the purposes of strength of emotional response, the direction of the score 
was ignored (+ or -) and simply the highest score across the three scales was captured. Therefore 
scores range for strength of emotional response from 0=neutral to 3=strong emotional response.  
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For analyses examining profile of emotional responses (5-way ANOVAs, ANCOVAs and 4-way 
MANOVAs), raw scales were used. Therefore GEMS-9 analyses included nine emotions, ranging from 
1-5, with 5 representing strong emotion. SAM analyses included three dimensions, each scaled from 
1-9, with 5 being neutral. A low score on pleasure and arousal indicate high pleasure and high arousal, 
with a high score on dominance indicating high dominance/in control. PAT analyses include three 
dimensions, each ranging from -3 to +3 with high scores indicating high pleasure, high arousal-
wakefulness and high tension-arousal, with 0 as neutral.  
 
Schubert (2007) proposed that Gap Across Emotion Loci (GAEL), the difference between the felt 
response to the song and the perceived emotion in the song, related to emotional response to the 
song, influenced by genre. In order to test this assumption, participants in this study listened to all 
songs twice, once rating their felt emotional response to the song, and also rating what emotion they 
perceived in the music. This enables the GAEL to be calculated and used as a dependent variable in 
analyses. The GAEL was calculated as the Euclidean Distance between the felt and perceived response 
to each song, as this produces a more nuanced representation compared to absolute values, as well 
as creating a truly continuous variable, preferable for use in an ANOVA.  
 
The GAEL between the participant felt and the researcher felt responses were also calculated to 
examine how effective the researcher can be at selecting music to elicit an emotional response, 
compared to the participant. 
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APPENDIX E-TESTING MANIPULATIONS FOR STUDY ONE 
 
A video about carpets was shown to neutralise feelings between felt and perceived blocks. SAM was 
administered before testing and after the video to assess participant state emotion and to ensure 
feelings were neutralised following the video. Means and standard deviations are shown in Table X, 
along with results from three paired samples t-tests to assess differences between pre-study and post-
video state emotion.  
 
Table E.1 
Means (SDs) and t-test results assessing state emotion before and during testing blocks 
 Before study After video Test results 
SAM Pleasure 3.28 (1.44) 3.83 (1.77) t(28)=1.58, p=.13, d=.31 
SAM Arousal 6.07 (1.81) 6.41 (2.15) t(28)=0.94, p=.36, d= .16 
SAM Dominance 5.45 (1.68) 5.00 (1.81) t(28)=0.87, p=.39, d= .25 
 
As Table X demonstrates, whilst state emotion of participants is generally more positive than neutral 
and lower than neutral in terms of arousal, there were no significant differences between state 
emotion before the study and state emotion after the video. This demonstrates the video had the 
desired effect in the study and state emotion was equivalent before felt and perceived blocks, despite 
counterbalancing.  
 
Three 3x3x2 repeated-measures ANOVAs were run to explore the effect of the manipulations, 
examining liking, familiarity and genre typicality ratings. It is important to note that the factors are the 
same as for the remaining analyses (FAMILIARITY (familiar; moderately familiar; unfamiliar); GENRE 
(preferred genre; moderately preferred genre; disliked genre); SONGSELECTOR (OWN; RES). 
 
Typicality 
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Descriptive statistic for typicality ratings are shown in Table X. There was no main effect of SONG 
SELECTOR , no main effect of GENRE and no interaction effects. There was a significant main effect of 
FAMILIARITY, F(2,56)=  4.43, p= .016, ηp2 = .14, power=.74. Sidak pairwise comparisons showed 
familiar songs (M=3.95) and moderately familiar songs (M=3.92) were marginally more typical to the 
genre compared to the unfamiliar songs (M=3.69, p=.051 and p=.068 respectively). This is to be 
expected as unfamiliar songs were picked on name alone, and therefore there was no prior knowledge 
as to whether they were representative of the genre as classified on iTunes. There were no significant 
interaction effects. 
Table E.2 
Means of typicality ratings for each condition 
  OWN RES 
Preferred genre Familiar 4.16 4.17 
Moderately 
familiar 
4.00 4.00 
Unfamiliar 3.84 3.53 
Moderately 
preferred genre 
Familiar 4.00 3.98 
Moderately 
familiar 
3.95 4.00 
Unfamiliar 3.90 3.47 
Disliked genre Familiar 3.66 3.72 
Moderately 
familiar 
3.74 3.84 
Unfamiliar 3.64 3.76 
 
Familiarity 
Descriptive statistics for familiarity ratings of each condition are shown in Table X. There was a 
significant main effect of GENRE, F(2,56) =  4.78, p= .012, ηp2 = .15, power=.77. Sidak pairwise 
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comparisons showed preferred genres (M=3.49) were more familiar compared to moderately 
preferred (M=3.22,p=.035) and disliked genres (M=3.22, p=.047).  
 
There was a significant main effect of FAMILIARITY, F(2,56) = 179.88, p <.001, ηp2 = .87, power=1.00. 
with familiar songs (M=4.42) significantly more familiar compared to moderately familiar (M=3.74, 
p<.001) and unfamiliar songs (M=1.77, p<.001). Moderately familiar songs were also significantly more 
familiar compared to unfamiliar songs (p<.001). 
 
There was a significant main effect of SONG SELECTOR , F(1,28) = 10.50, p = .003, ηp2 = .27, power=.88, 
with participant selected songs more familiar than researcher selected songs.  
 
There was a significant interaction effect for GENRE*FAMILIARITY*SONGSELECTOR, F(4,112) = 3.23, 
p= .015, ηp2 = .10, power=.82. Breaking this interaction down showed no significant interaction effect 
of FAMILIARITY*SONGSELECTOR for preferred and moderately preferred genres, but there was a 
significant interaction effect of FAMILIARITY*SONGSELECTOR for disliked genres. Sidak pairwise 
comparisons showed that for OWN songs, familiar songs (M=4.43) elicited significantly higher 
familiarity ratings compared to moderately familiar (M=3.50, p=.001) and unfamiliar songs (M=1.91, 
<.001) for disliked genres. Moderately familiar songs were also rated significantly more familiar 
compared to unfamiliar songs (p<.001). However, for RES songs, there was no difference between 
familiar (M=4.00) and moderately familiar (M=3.93) songs, but both were significantly stronger in 
terms of familiarity compared to unfamiliar songs (M=1.53, p<.001 and p<.001 respectively) in a 
disliked genre.  
 
Table E.3 
Mean of familiarity ratings for each condition 
  OWN RES 
Preferred genre Familiar 4.83 4.60 
Moderately 
familiar 
4.24 3.55 
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Unfamiliar 1.93 1.78 
Moderately 
preferred genre 
Familiar 4.69 3.98 
Moderately 
familiar 
3.84 3.34 
Unfamiliar 1.95 1.52 
Disliked genre Familiar 4.43 4.00 
Moderately 
familiar 
3.50 3.93 
Unfamiliar 1.91 1.53 
 
Liking 
There was a significant main effect of GENRE, F(2,52) =  35.88, p< .001, ηp2 = .58, power=1.00, with 
songs from the  preferred genre (M=4.06) much more liked compared to the moderately preferred 
(3.67, p<.001) and disliked genres (M=3.02, p<.001). Songs from moderately preferred genres were 
also significantly more liked compared to disliked genres (p<.001).  
 
There was a significant main effect of FAMILIARITY, F(2,52) = 56.02, p <.001, ηp2 = .68, power=1.00, 
with familiar songs (M=4.02) and moderately familiar songs (M=3.80) much more liked compared to 
the unfamiliar songs (M=2.93, p<.001 and p<.001, as shown by Sidak pairwise comparisons).  
 
There was a significant main effect of SONG SELECTOR , F(1,26) = 22.21, p < .001, ηp2 = .46, power=.99, 
with participant selected songs more liked than researcher selected songs. These main effects are all 
to be expected. There were no interaction effects. 
 
Table E.4 
Mean (SDs) of liking ratings for each condition 
  OWN RES 
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Preferred genre Familiar 4.81 4.22 
Moderately 
familiar 
4.54 4.13 
Unfamiliar 3.63 3.04 
Moderately 
preferred genre 
Familiar 4.54 3.76 
Moderately 
familiar 
4.04 3.74 
Unfamiliar 3.13 2.83 
Disliked genre Familiar 3.61 3.19 
Moderately 
familiar 
3.31 3.04 
Unfamiliar 2.57 2.39 
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APPENDIX F – STRENGTH OF EMOTIONAL RESPONSE ANALYSES FOR THE DIFFERENT MEASURES 
 
GEMS-9 
Main effects and interaction effects for strength of emotional response: GEMS-9; SAM (2-D & 3-D); 
PAT 
Four 3x3x2 repeated measures ANOVAs were run on strength of emotional response, with three 
factors: SONG SELECTOR (two levels: OWN and RES); GENRE (three levels: Preferred, Moderately-liked and 
Disliked) and FAMILIARITY (three levels: Familiar, Moderately familiar and Unfamiliar). Four ANOVAs 
were run for strength of emotional response due to the four separate measures of emotional 
response: GEMS-9, two-dimensional SAM (SAM2-D), three-dimensional SAM (SAM3-D) and PAT.  
 
Mean and standard deviations are shown for each condition for the four separate emotion measures 
(Table F.1, Table F.4, Table F.6, Table F.10). Means for main effects are also shown for each emotion 
measure (Table F.2, Table F.5, Table F.7, Table F.11). 
 
Main Effects & interaction effects 
Results showed significant main effects for all three factors across the four measures. Generally, as 
genre preference increases, so does strength of emotional response. As familiarity increases, so does 
strength of emotional response. OWN songs elicit significantly stronger emotional responses 
compared to RES songs.  
 
A significant two-way interaction between FAMILIARITY and SONG SELECTOR was consistently found 
across the emotion measures, generally showing a linear trend for OWN songs, with strength of 
emotional response increasing as FAMILIARITY increases. However for RES songs, there was no such 
linear trend consistent across measures.  
 
Other two-way and three-way interactions were inconsistent across the three measures. Full results 
are presented in the Appendices, firstly for GEMS-9, secondly for SAM 2-D, followed by results for 
SAM 3-D and finally for the PAT. 
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Table F.1 
 
Songs 
GENRE 
Preferred Moderately preferred Disliked 
OWN songs 
Familiar 4.76 (.58) 4.59 (.57) 4.24 (1.06) 
Moderately Familiar 4.17 (.80) 4.21 (.77) 3.90 (1.14) 
Unfamiliar 4.00 (.76) 3.66 (1.07) 3.62 (.98) 
RES songs 
Familiar 4.48 (.51) 3.86 (1.03) 4.10 (.82) 
Moderately Familiar 4.34 (.81) 4.07 (.70) 4.17 (.80) 
Unfamiliar 3.17 (1.00) 3.72 (.88) 3.55 (1.15) 
 
 
Table F.2 
Mean scores of strength of emotional response for main effects, GEMS-9 
Main Effect 
GENRE Preferred Moderately preferred Disliked 
4.15 4.02 3.93 
399 
 
FAMILIARITY Familiar Moderately familiar Unfamiliar 
4.34 4.14 3.62 
SONG SELECTOR  OWN RES 
4.13 3.94 
 
The assumption of sphericity was met for all tests.  
 
Can a third party be as effective at choosing emotive music as a self-selector? 
There was a significant main effect of SONG SELECTOR, F(1,28)=7.82, p=.009, ηp2 = .22, power=.77 
(Figure F.1), with OWN songs eliciting a significantly stronger emotional response compared to RES 
songs. 
 
 
There was a significant two-way interaction effect of FAMILIARITY * SONG SELECTOR, F(2,56)=4.89, 
p=.011, ηp2 = .15, power=.78. (Figure F.2). A step-down approach was used to explore this interaction 
effect. Paired-samples t-tests were run to investigate differences between OWN and RES songs at each 
level of FAMILIARITY, with a Bonferroni correction setting the cut-off for significance at p=.017. These 
showed OWN familiar songs (M=4.53) elicited a significantly stronger emotional response compared 
to RES familiar songs (M=4.15), t(28)=4.01, p<.001, d=0.64, with a medium-to-large effect. There were 
no significant differences between song selector for moderately familiar songs. For unfamiliar songs 
there was a marginally significant difference, with OWN, unfamiliar songs (M=3.76) eliciting stronger 
emotional responses compared to RES, unfamiliar songs (M=3.49), t(28)=2.33, p=.027, d=.34. Whilst 
the Bonferroni correction can be over-conservative, the small-to-medium effect size suggests this is 
not a meaningful effect. Therefore the conclusion is SONG SELECTOR is only an important 
consideration for selecting music that elicits the strongest emotional response when using very 
familiar music.  
 
 
There was a marginally significant two-way interaction effect of GENRE * SONG SELECTOR, 
F(2,56)=2.57, p=.086, ηp2 = .08, power=.49 (Figure 3). The small effect size and low power suggests 
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marginal significance is due to low sample size rather than a lack of significance, therefore further 
analyses were run to examine the interaction.  A step-down approach was used to explore this 
interaction effect (Table F.3). Two One-way repeated measures ANOVAs were run, one for OWN and 
one for RES, with GENRE as the Factor, with three levels. A Bonferroni correction set the cut-off for 
significance at p=.025. The assumption of sphericity was met for both tests. For OWN songs, there was 
a significant main effect of GENRE, F(2,56)=3.99, p=.024, ηp2 = .13, power=.69. Polynomial contrasts 
showed a significant linear trend, F(1,28)=6.88, p=.014, ηp2 = .020, power=.72. However, Sidak pairwise 
comparisons showed only a significant difference in strength of emotional response between 
preferred genres (M=4.31; 95% CI Lower=4.13, 95% CI Upper=4.49) and disliked genres (M=3.92, 
p=.041; 95% CI Lower=3.60, 95% CI Upper=4.24). However, for RES songs, there was no significant 
main effect of GENRE, F(2,56)=0.56, p=.57, ηp2 = .02, power=.14. Although there is very low power, 
the small effect size and large p-value suggests further analyses are not warranted. Genre preference 
is trivial in determining strength of emotional response when a third party is selecting the songs. 
 
Paired-samples t-tests were also run to investigate differences between OWN and RES songs at each 
level of GENRE, with a Bonferroni correction setting the cut-off for significance at p=.017. These 
showed OWN songs from a preferred genre (M=4.31) elicited a significantly stronger emotional 
response compared to RES songs from a preferred genre (M=4.00), t(28)=2.93, p=.007, d=0.61, with a 
medium-to-large effect. There were no significant differences between song selectors for songs from 
a disliked genre. For songs from a moderately preferred genre there was a marginally significant 
difference, with OWN songs from a moderately preferred genre (M=4.15) eliciting stronger emotional 
responses compared to RES songs from a moderately preferred genre (M=3.89), t(28)=2.43, p=.022, 
d=.44. Whilst the Bonferroni correction can be over-conservative, the small-to-medium effect size 
suggests this is not a meaningful effect. Therefore the conclusion is SONG SELECTOR is only an 
important consideration for selecting music that elicits the strongest emotional response when using 
music from preferred genres.  
 
Overall, for OWN songs selection from generally liked genres will elicit a stronger emotional response 
compared to disliked genres, whereas genre preference does not need to be considered if a third party 
is selecting the songs. Further, song selector only needs to be considered when selecting songs from 
a preferred genre. 
 
Table F.3 
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Mean, Standard error and confidence intervals for the interaction between GENRE  and SONG 
SELECTOR for GEMS-9 
SONG 
SELECTOR  
GENRE Mean Std. Error 95% Confidence Interval 
Lower Bound Upper Bound 
OWN Preferred 4.31 .09 4.13 4.49 
Moderately 
preferred 
4.15 .12 3.93 4.37 
Disliked 3.92 .16 3.60 4.24 
RES Preferred 4.00 .10 3.81 4.20 
Moderately 
preferred 
3.89 .11 3.66 4.11 
Disliked 3.94 .13 3.69 4.20 
 
 
There was a significant three-way interaction effect of GENRE*FAMILIARITY* SONG SELECTOR , with 
a medium effect size, F(4,112)=3.65, p=.008, ηp2 = .12, power=.88.  
 
To further explore the three-way interaction, two 3x3 repeated- measures ANOVAs were then run, 
one for OWN songs and one for RES songs, with GENRE and FAMILIARITY as factors, as before. The 
Adjusted Bonferroni correction set the cut-off for significance at p=.025. The assumption of sphericity 
was met for both tests. 
 
 For OWN songs, there was no significant interaction effect for GENRE * FAMILIARITY, F(4,112)=0.87, 
p=.48, ηp2 = .03, power=.27. However, for RES songs, there was a significant interaction effect for 
GENRE * FAMILIARITY, F(4,112)=4.65, p=.002, ηp2 = .14, power=.94. A step-down approach was used 
to explore this interaction effect. Three One-way repeated measures ANOVAs were run with 
FAMILIARITY as the factor, with three levels (familiar; moderately familiar; unfamiliar). One ANOVA for 
preferred genre, one for moderately preferred genre and one for disliked genre, Three One-way 
repeated measures ANOVAs were also run with GENRE as the factor, with three levels (preferred; 
moderately preferred; disliked). One ANOVA for familiar songs, one for moderately familiar songs and 
one for unfamiliar songs. A Bonferroni correction set the cut-off for significance at p=.008. The 
assumption of sphericity was met for all tests, except for the one-way ANOVA of FAMILIARITY in the 
disliked genre condition. For this test, results are reported with a Greenhouse-Geisser correction.   
402 
 
 
In the RES, preferred genre condition, there was a significant main effect of FAMILIARITY, 
F(2,56)=26.37, p<.001, ηp2 = .49, power=1.00. Polynomial contrasts showed a significant linear trend, 
F(1,28)=40.76, p<.001, ηp2 = .59, power=1.00, and also a significant quadratic trend, F(1,28)=9.77, 
p<.001, ηp2 = .26, power=.86. Whilst the linear trend appears more convincing, based on the large F-
ratio and large effect size, examination of the means, confidence intervals and Sidak pairwise 
comparisons suggests the quadratic trend may be more appropriate. Sidak pairwise comparisons 
showed familiar songs (M=4.48, 95% CI Lower=4.29, 95% CI Upper=4.68) and moderately familiar 
songs (M=4.35, 95% CI Lower=4.04, 95% CI Upper=4.65) elicited significantly stronger emotional 
responses compared to Unfamiliar songs (M=3.17, p<.001 and p<.001 respectively; 95% CI 
Lower=2.79, 95% CI Upper=3.55). An appropriate conclusion is for preferred genres in the RES 
condition, strength of emotional response decreases monotonically as song familiarity decreases. 
More specifically, if a strong emotional response is desired, avoid a third party selecting unfamiliar 
songs within a preferred genre for a listener. 
 
In the RES, moderately preferred genre condition, there was no significant main effect of FAMILIARITY, 
F(2,56)=1.38, p=.26, ηp2 = .05, power=0.28.  
 
In the RES, disliked genre condition, there was a marginally significant main effect of FAMILIARITY, 
F(1.66, 46.60)=5.23, p=.013, ηp2 = .16, power=.76. Considering the conservative nature of the Adjusted 
Bonferroni correction, the large effect size and power not achieving the desired .80 level, further 
analyses were warranted. Polynomial contrasts showed a significant linear trend, F(1,28)=5.47, 
p=.027, ηp2 = .16, power=.62, and also a significant quadratic trend, F(1,28)=4.82, p=.037, ηp2 = .15, 
power=.56. To further investigate, means, confidence intervals and Bonferroni pairwise comparisons 
were examined. Bonferroni pairwise comparisons showed only moderately familiar songs (M=4.17, 
95% CI Lower=3.87, 95% CI Upper=4.48) elicited significantly stronger emotional responses compared 
to unfamiliar songs (M=3.55, p=.08 and p=.035 respectively; 95% CI Lower=3.11, 95% CI Upper=3.99). 
Familiar songs (M=4.10, 95% CI Lower=3.79, 95% CI Upper=4.41) elicited a marginally significantly 
stronger emotional responses compared to unfamiliar songs (p=.08). There was no difference in 
emotional response between familiar and moderately familiar songs (p=1.00). An appropriate 
conclusion, therefore, is for disliked genres in the RES condition, strength of emotional response is 
only differentiated between songs that are familiar on some level, compared to unfamiliar songs. 
More specifically, if a strong emotional response is desired, a third party selecting moderately familiar 
songs within a disliked genre for a listener may be most appropriate. 
403 
 
 
For RES, familiar songs, there was a significant main effect of GENRE, F(2,56)=6.04, p=.004, ηp2 = .18, 
power=.87. Polynomial contrasts showed a significant linear trend, F(1,28)=6.21, p=.019, ηp2 = .18, 
power=.67, and also a significant quadratic trend, F(1,28)=5.95, p=.021, ηp2 = .18, power=.65. As these 
trends are very similar, means, confidence intervals and Sidak pairwise comparisons were examined.  
Sidak pairwise comparisons showed preferred genres (M=4.48, 95% CI Lower=4.29, 95% CI 
Upper=4.68) elicited significantly stronger emotional responses compared to moderately preferred 
genres (M=3.86, p=.011, 95% CI Lower=3.47, 95% CI Upper=4.25), but only elicited marginal 
significantly stronger emotional responses compared to disliked genres (M=4.10, p=.056, 95% CI 
Lower=3.79, 95% CI Upper=4.41). There was no significant difference in strength of emotional 
response between moderately preferred genres and disliked genres (p=.52). This demonstrates that 
when a third party is selecting songs for a listener, when selecting familiar songs it is best to select 
from a preferred genre to elicit the strongest emotional response.  It is noted that potentially, familiar 
songs selected by a third party for moderately preferred genres may elicit the weakest emotional 
response, so should be avoided. For moderately familiar and unfamiliar songs, there was no significant 
main effect of GENRE, (F(2,56)=0.94, p=.40, ηp2 = .03, power=.21; F(2,56)=3.80, p=.03, ηp2 = .12, 
power=.67 respectively). Overall, Genre preference is only an important factor determining strength 
of emotional response for familiar songs selected by a third party, with preferred genres necessary to 
elicit stronger emotional responses.  
 
In general, when a third party is selecting songs for a listener, a stronger emotional response will be 
elicited if songs are familiar at some level, irrespective of the genre preference. Song familiarity is a 
more important consideration than genre preference. 
 
In conclusion, results suggest for self-selected music there are consistent monotonic trends of 
emotional response decreasing as song familiarity and genre preferences decrease. These trends do 
not hold when a third party is selecting music for a listener. In this situation it is advised that familiar 
songs from preferred genres are selected to elicit a strong emotional response (Figure F.4).  
 
 
What influence does song familiarity have on emotional response to music?  
There was a significant main effect of FAMILIARITY, F(2,56)=27.28, p<.001, ηp2 = .49, power=1.00 
(Figure F.5). Sidak Pairwise comparisons (see Table F.2 for means) showed familiar songs elicited 
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significantly stronger emotional responses compared to moderately familiar songs (p=.049) and 
unfamiliar songs (p<.001). Moderately familiar songs elicited significantly stronger emotional 
responses compared to unfamiliar songs also (p<.001). Polynomial contrasts supported these results, 
showing a significant linear trend with a large effect size, F(1,28)=44.87, p<.001,  ηp2 = .62, power=1.00.  
 
There was a marginally significant two-way interaction effect of GENRE * FAMILIARITY, F(4,112)=2.31, 
p=.063, ηp2 = .08, power=.65 (Figure 6). The small effect size but low power suggests marginal 
significance is due to low sample size rather than a lack of significance, as a result of the marginal 
significance of the main effect of GENRE, therefore further analyses were run to examine the 
interaction. A step-down approach was used to explore this interaction effect. Three One-way 
repeated-measures ANOVAs were run, one for preferred genre, one for moderately preferred genre 
and one for disliked genre, with FAMILIARITY as the factor, with three levels (familiar; moderately 
familiar; unfamiliar). A Bonferroni correction set the cut-off for significance at p=.008. The assumption 
of sphericity was met for all tests.  
 
For preferred genres, there was a significant main effect of FAMILIARITY, F(2,56)=38.86, p<.001, ηp2 = 
.58, power=1.00. Polynomial contrasts showed a significant linear trend, F(1,28)=67.02, p<.001, ηp2 = 
.71, power=1.00. This was supported by Sidak pairwise comparisons, showing strength of emotional 
response decreases monotonically as a function of FAMILIARITY, with familiar songs (M=4.62, 95% CI 
Lower=4.46, 95% CI Upper=4.78) eliciting significantly stronger emotional responses compared to 
moderately familiar songs (M=4.26, p=.002, 95% CI Lower=4.04, 95% CI Upper=4.48) and unfamiliar 
songs (M=3.59, p<.001, 95% CI Lower=3.35, 95% CI Upper=3.82). Further, moderately familiar songs 
elicited significantly stronger emotional responses compared to unfamiliar songs (p<.001). The lack of 
overlapping CIs further support these results. This demonstrates for preferred genres, song familiarity 
is critical to consider if eliciting strong emotional responses is important. 
 
For moderately preferred genres, there was a significant main effect of FAMILIARITY, F(2,56)=7.02, 
p=.002, ηp2 = .20, power=.91. Polynomial contrasts showed a significant linear trend, F(1,28)=9.89, 
p=.004, ηp2 = .26, power=.86. However Sidak pairwise comparisons showed familiar songs (M=4.22, 
95% CI Lower=3.97, 95% CI Upper=4.48) and moderately familiar songs (M=4.14, 95% CI Lower=3.93, 
95% CI Upper=4.35) were not significantly different (p=.85), but both elicited significantly stronger 
emotional responses compared to unfamiliar songs (M=3.69, p=.012 and p=.036 respectively; 95% CI 
Lower=3.38, 95% CI Upper=4.01). Examination of the CIs and the means do demonstrate a decreasing 
monotonic trend as song familiarity decreases, explaining the significant linear trend. The pairwise 
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comparisons and similar CIs for familiar and moderately familiar songs suggest for moderately 
preferred genres, to guarantee a strong emotional response, avoid unfamiliar songs. 
 
For disliked genres, there was a significant main effect of FAMILIARITY, F(2,56)=7.36, p=.001, ηp2 = .21, 
power=.93. Polynomial contrasts showed a significant linear trend, F(1,28)=12.96, p=.001, ηp2 = .32, 
power=.94. However Sidak pairwise comparisons again showed familiar songs (M=4.17, 95% CI 
Lower=3.88, 95% CI Upper=4.47) and moderately familiar songs (M=4.03, 95% CI Lower=3.72, 95% CI 
Upper=4.35) were not significantly different (p=.75), but both elicited significantly stronger emotional 
responses compared to unfamiliar songs (M=3.59, p=.004 and p=.033 respectively; 95% CI 
Lower=3.24, 95% CI Upper=3.93). Examination of the CIs and the means do demonstrate a decreasing 
monotonic trend as song familiarity decreases, explaining the significant linear trend. The pairwise 
comparisons and similar CIs for familiar and moderately familiar songs suggest for disliked genres, to 
guarantee a strong emotional response, avoid unfamiliar songs. 
 
Overall it seems there is a general monotonic trend of decreasing strength of emotional response as 
FAMILIARITY decreases. More specifically, for preferred genres the song familiarity is important across 
all levels if a strong emotional response is desired, but for moderately preferred and disliked genres 
emotional response is only significantly reduced by unfamiliar songs.  
 
Three one-way repeated measures ANOVAs were also run, with GENRE as the factor, with three levels 
(preferred; moderately preferred; disliked); one ANOVA for familiar songs, one for moderately familiar 
songs and one for unfamiliar songs, to explore the interaction in another way. There was only a 
significant main effect of GENRE for familiar songs (F(2,56)=6.58, p=.003, ηp2 = .19, power=.90), not 
for moderately familiar or unfamiliar songs. Polynomial contrasts showed a significant linear trend, 
F(1,28)=10.09, p=.004, ηp2 = .27, power=.87. Sidak pairwise comparisons supported this trend, 
showing preferred genres (M=4.62, 95% CI Lower=4.46, 95% CI Upper=4.78) elicited significantly 
stronger emotional responses compared to moderately preferred genres (M=4.22, p=.019, 95% CI 
Lower=3.97, 95% CI Upper=4.48) and disliked genres (M=4.17, p=.011, 95% CI Lower=3.88, 95% CI 
Upper=4.47). There was no significant difference in strength of emotional response between 
moderately preferred genres and disliked genres (p=.97). This demonstrates for familiar songs, 
preferred genres elicit strong emotional responses, but there is no difference beyond this in terms of 
genre preferences. Overall, genre preference is only an important factor determining strength of 
emotional response for familiar songs, with preferred genres necessary to elicit stronger emotional 
responses. 
406 
 
 
In conclusion, the smaller effect sizes for differences across levels of GENRE compared to effect sizes 
for differences across levels of FAMILIARITY, and the lack of significant main effects for GENRE in the 
moderately familiar and unfamiliar conditions, suggest song familiarity is a stronger factor influencing 
strength of emotional response compared to genre preference. To guarantee a strong emotional 
response, a familiar song from a preferred genre is desirable. There is generally differentiation 
between familiar and unfamiliar songs, and preferred genres and disliked genres. If a contrasting 
emotional response is desired, it is advised to differentiate between these two extremes, as there is a 
lack of a consistent pattern of differences and results within moderately familiar songs or moderately 
preferred genres, when song selector is considered and also when it is not. 
 
 
 
What influence does genre preference have on emotional response to music? 
There was a marginally significant main effect of GENRE, F(2,56)=2.79, p=.070, ηp2 = .09, power=.53. 
The small-to-medium effect size and low power suggest the lack of significance may be due to the 
small sample size so further analyses are warranted. Pairwise comparisons showed no significant 
difference between any pairs, however there was a marginally significant linear trend using 
polynomial contrasts, F(1,28)=3.96, p=.056, ηp2 = .12, power=.49. The small-to-medium effect size but 
low power of this polynomial contrast suggests a significant linear trend could be found with a larger 
sample size, demonstrating preferred genres elicit the strongest emotional response, then moderately 
preferred genres, with disliked genres producing the weakest emotional response (Figure 7).  
 
 
 
 
 
 
SAM 2-D 
SAM2-D: The assumption of sphericity was met for all main effects except for the two-way interaction 
of SONG SELECTOR *GENRE. For this interaction the Greenhouse-Geisser correction is reported. One 
participant did not complete the SAM for FELT response in the preferred genre, unfamiliar songs, 
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therefore for main effect analyses N=28. However, as variables were collapsed across levels to run the 
step-down analyses to break down interactions, N=29 in step-down approaches, as the participant 
only had missing data at one level: preferred genre, unfamiliar songs. 
 
TableF.4 
Mean scores (SDs) of strength of emotional response for SAM 2-D 
 
Songs 
GENRE 
Preferred Moderately preferred Disliked 
OWN songs 
Familiar 4.36 (.99) 3.96 (.92) 3.25 (1.32) 
Moderately Familiar 3.82 (1.06) 3.61 (1.26) 3.14 (1.30) 
Unfamiliar 3.18 (1.02) 3.25 (1.24) 2.96 (1.23) 
RES songs 
Familiar 3.46 (1.14) 3.14 (1.30) 3.07 (1.15) 
Moderately Familiar 3.71 (1.18) 3.54 (1.07) 3.18 (1.19) 
Unfamiliar 3.36 (1.16) 3.21 (1.13) 2.96 (1.10) 
Table F.5 
Mean scores (SDs) of strength of emotional response for main effects, SAM 2-D 
Main Effect 
GENRE Preferred Moderately preferred Disliked 
3.65 3.45 3.10 
FAMILIARITY Familiar Moderately familiar Unfamiliar 
3.54 3.50 3.16 
SONG SELECTOR  OWN RES 
3.50 3.29 
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Can a third party be as effective at choosing emotive music as a self-selector? 
There was a significant main effect of SONG SELECTOR with a large effect size, F(1,27)=4.39, p=.046, 
ηp2 = .14, power=.52. OWN songs (M=3.50) elicited significantly stronger emotional responses 
compared to RES songs (M=3.29, p=.046) (Figure F8). 
 
There was a significant two-way interaction effect of FAMILIARITY*SONG SELECTOR with a medium 
effect size, F(2,54)=5.19, p=.009, ηp2 = .16, power=.81 (Figure F.9). A step-down approach was used to 
explore this interaction effect. Two One-way repeated-measures ANOVAs were run, one for OWN and 
one for RES, with FAMILIARITY as the Factor, with three levels. A Bonferroni correction set the cut-off 
for significance at p=.025. The assumption of sphericity was met for both tests. 
For OWN songs, there was a significant main effect of FAMILIARITY, F(2,56)=12.38, p<.001, ηp2 = .31, 
power=.99. Polynomial contrasts showed a significant linear trend, F(1,28)=32.30, p<.001, ηp2 =.54, 
power=1.00. This was supported by Sidak pairwise comparisons, showing familiar songs ((M=3.86, 
95% CI Lower=3.58, 95% CI Upper=4.14) elicited marginal significantly stronger emotional responses 
compared to Moderately familiar songs (M=3.49, p=.065; CI Lower=3.19, 95% CI Upper=3.80) and 
significantly stronger emotional responses compared to Unfamiliar songs (M=3.09, p<.001; CI 
Lower=2.80, 95% CI Upper=3.39). Moderately familiar songs elicited a marginally significant stronger 
emotional response compared to Unfamiliar songs (p=.084). For OWN songs, strength of emotional 
response decreases monotonically as song familiarity decreases. However, for RES songs, there was 
no significant main effect of FAMILIARITY, F(2,56)=1.95, p=.15, ηp2 = .07, power=.39 Therefore, for RES 
songs, strength of emotional response is not influenced by song familiarity as measured by the SAM 
2-D. 
 
Paired-samples t-tests were also run to investigate differences between OWN and RES songs at each 
level of FAMILIARITY, with a Bonferroni correction setting the cut-off for significance at p=.017. These 
showed OWN familiar songs (M=3.86) elicited a significantly stronger emotional response compared 
to RES familiar songs (M=3.22), t(28)=5.51, p<.001, d=0.74, with a medium-to-large effect. There were 
no significant differences between song selector for moderately familiar songs or for unfamiliar songs. 
Therefore the conclusion is SONG SELECTOR is only an important consideration for selecting music 
that elicits the strongest emotional response when using very familiar music.  
 
What influence does song familiarity have on emotional response to music?  
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There was a significant main effect of FAMILIARITY with a medium-to-large effect size, F(2,54)=6.30, 
p=.003, ηp2 = .19, power=.88 (Figure 10). Polynomial contrasts showed a significant linear trend with 
a large effect size, with strength of emotional responses decreasing as song Familiarity decreased 
(Table F.5), F(1,27)=13.85, p=.001, ηp2 = .34, power=.95. Pairwise comparisons showed familiar songs 
(M=3.54) elicited significantly stronger emotional responses compared to unfamiliar songs (M=3.16, 
p=.003). Moderately familiar songs (M=3.50) also elicited significantly stronger emotional responses 
compared to unfamiliar songs (p=.030). 
 
What influence does genre preference have on emotional response to music? 
There was a significant main effect of GENRE with a large effect size, F(2,54)=10.72, p<.001, ηp2 = .28, 
power=.99 (Figure F.11). Polynomial contrasts showed a significant linear trend with a large effect size, 
with strength of emotional responses decreasing as GENRE preference decreased (Table 5). Sidak 
pairwise comparisons showed preferred genres (M=3.65) elicited significantly stronger emotional 
responses compared to disliked genres (M=3.10, p<.001). Moderately preferred genres (M=3.45) also 
elicited significantly stronger emotional responses compared to disliked genres  (p=.014). 
 
 
SAM 3-D 
The assumption of sphericity was met for all effects except for the two-way interaction of SONG 
SELECTOR *GENRE. For this interaction the Greenhouse-Geisser correction is reported. One 
participant did not complete the SAM for felt response, therefore for main effect analyses N=28. 
However as variables were collapsed across levels to run the step-down analyses to break down 
interactions, N=29 in step-down approaches, as one participant only had missing data at one level: 
preferred genre, unfamiliar songs. 
 
Table F.6 
Mean scores (SDs) of strength of emotional response for SAM 3-D 
 
Songs 
GENRE 
Preferred Moderately preferred Disliked 
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OWN songs 
Familiar 4.36 (.99) 4.14 (.93) 3.39 (1.17) 
Moderately Familiar 3.93 (1.05) 3.93 (1.02) 3.21 (1.23) 
Unfamiliar 3.25 (1.04) 3.57 (1.10) 3.29 (1.30) 
RES songs 
Familiar 3.75 (.97) 3.25 (1.24) 3.25 (1.21) 
Moderately Familiar 3.75 (1.14) 3.61 (1.03) 3.61 (1.10) 
Unfamiliar 3.54 (1.20) 3.43 (1.00) 3.36 (1.19) 
Table F.7 
Mean scores (SDs) of strength of emotional response for main effects, SAM 3-D 
Main Effect 
GENRE Preferred Moderately preferred Disliked 
3.76 3.66 3.35 
FAMILIARITY Familiar Moderately familiar Unfamiliar 
3.69 3.67 3.41 
SONG SELECTOR  OWN RES 
3.68 3.50 
 
Can a third party be as effective at choosing emotive music as a self-selector? 
There was a marginally significant main effect of SONG SELECTOR, F(1,27)=3.31, p=.080, ηp2 = .11, 
power=.42 (Figure 12). The small-to-medium effect size and low power suggests the lack of 
significance could be due to low sample size. With a larger sample size it is likely this would reach 
significance, therefore further investigation was warranted. Examination of means (Table 7) showed 
OWN songs produced stronger emotional responses compared to RES songs.  
 
There was a significant two-way interaction effect of FAMILIARITY*SONG SELECTOR  with a medium 
effect size, F(2,54)=5.60, p=.006, ηp2 = .17, power=.84 (Figure F.13). A step-down approach was used 
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to explore this interaction effect. Two One-way repeated-measures ANOVAs were run, one for OWN 
and one for RES, with FAMILIARITY as the Factor, with three levels (Table F.8). A Bonferroni correction 
set the cut-off for significance at p=.025. The assumption of sphericity was met for both tests. 
For OWN songs, there was a significant main effect of FAMILIARITY, F(2,56)=10.24, p<.001, ηp2 = .27, 
power=.98. Polynomial contrasts showed a significant linear trend, F(1,28)=26.13, p<.001, ηp2 =.48, 
power=.99. However Sidak pairwise comparisons showed familiar songs ((M=3.97, 95% CI Lower=3.69, 
95% CI Upper=4.24) elicited significantly stronger emotional responses compared to unfamiliar songs 
only (M=3.32, p<.001; CI Lower=3.02, 95% CI Upper=3.62). There were no other significant differences, 
therefore it can be concluded for OWN songs, strength of emotional response decreases 
monotonically as song familiarity decreases. However, for RES songs, there was no significant main 
effect of FAMILIARITY, F(2,56)=1.95, p=.15, ηp2 = .07, power=.39 Therefore, for RES songs, strength of 
emotional response is not influenced by song familiarity as measured by the SAM 3-D. 
 
Paired-samples t-tests were also run to investigate differences between OWN and RES songs at each 
level of FAMILIARITY, with a Bonferroni correction setting the cut-off for significance at p=.017. These 
showed OWN familiar songs (M=3.97) elicited a significantly stronger emotional response compared 
to RES familiar songs (M=3.41), t(28)=4.61, p<.001, d=0.62, with a medium-to-large effect. There were 
no significant differences between song selector for moderately familiar songs or for unfamiliar songs. 
Therefore the conclusion is SONG SELECTOR is only an important consideration for selecting music 
that elicits the strongest emotional response when using very familiar music. 
 
 
 
Table F.8 
Mean, Standard error and confidence intervals for the interaction between FAMILIARITY and SONG 
SELECTOR for SAM 3-D 
SONG 
SELECTOR  
FAMILIARITY Mean Std. Error 95% Confidence Interval 
Lower Bound Upper Bound 
OWN Familiar 3.96 .14 3.68 4.25 
Moderately 
Familiar 
3.69 .14 3.41 3.97 
Unfamiliar 3.37 .15 3.07 3.67 
RES Familiar 3.42 .17 3.06 3.77 
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Moderately 
Familiar 
3.66 .15 3.35 3.96 
Unfamiliar 3.44 .14 3.16 3.72 
 
 
There was a significant two-way interaction effect of GENRE * SONG SELECTOR with a medium effect 
size, F(1.55,41.83)=4.40, p=.026, ηp2 = .14, power=.65 (Figure F.14). A step-down approach was used 
to explore this interaction effect. Two One-way repeated measures ANOVAs were run, one for OWN 
and one for RES, with GENRE as the Factor, with three levels (Table 9). A Bonferroni correction set the 
cut-off for significance at p=.025. The assumption of sphericity was broken for both tests, so 
Greenhouse-Geisser correction is reported. For OWN songs, there was a significant main effect of 
GENRE, F(1.86,52.10)=10.20, p<.001, ηp2 = .27, power=.98. Polynomial contrasts showed a significant 
linear trend, F(1,28)=12.99, p=.001, ηp2 = .32, power=.94 and a significant quadratic trend, 
F(1,28)=6.20, p=.019, ηp2 = .18, power=.67 . Bonferroni pairwise comparisons showed no difference 
between preferred genres (M=3.85; 95% CI Lower=3.61, 95% CI Upper=4.09) and moderately 
preferred genres (M=3.85, p=1.00; 95% CI Lower=3.57, 95% CI Upper=4.13). Whilst the linear trend 
has a larger effect size compared to the quadratic trend, examination of the mean, CIs and Bonferroni 
pairwise comparison suggests neither fully explain the results. Suffice it to say there is no different in 
strength of emotional response when a listener selects songs from preferred or moderately preferred 
genre, the trend is flat. Therefore, both preferred genres and moderately preferred genres elicit 
significantly stronger emotional responses compared to disliked genres (M=3.26, p=.004 and p=.003 
respectively; 95% CI Lower=2.93, 95% CI Upper=3.60). When asking a listener to select music, if a 
strong emotional response is desired, avoid disliked genres. However, for RES songs, there was no 
significant main effect of GENRE, F(1.80,50.26)=1.68, p=.20, ηp2 = .06, power=.32. Genre preference is 
trivial in determining strength of emotional response when a third party is selecting the songs. 
Paired-samples t-tests were also run to investigate differences between OWN and RES songs at each 
level of GENRE, with a Bonferroni correction setting the cut-off for significance at p=.017. These 
showed OWN songs from a moderately preferred genre (M=3.85) elicited a significantly stronger 
emotional response compared to RES songs from a moderately preferred genre (M=3.47), t(28)=2.79, 
p=.009, d=0.51, with a medium effect. There were no significant differences between song selector 
for songs from a preferred genre or a disliked genre. Therefore the conclusion is SONG SELECTOR is 
only an important consideration for selecting music that elicits the strongest emotional response 
when using music from moderately preferred genres. 
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Table F.9 
Mean, Standard error and confidence intervals for the interaction between GENRE  and SONG 
SELECTOR  for SAM 3-D 
SONG 
SELECTOR  
GENRE Mean Std. Error 95% Confidence Interval 
Lower Bound Upper Bound 
OWN Preferred 3.85 .12 3.59 4.10 
Moderately 
preferred 
3.88 .14 3.60 4.17 
Disliked 3.30 .17 2.96 3.64 
RES Preferred 3.68 .15 3.38 3.98 
Moderately 
preferred 
3.43 .14 3.15 3.71 
Disliked 3.41 .18 3.04 3.77 
 
 
What influence does song familiarity have on emotional response to music?  
There was a significant main effect of FAMILIARITY with a medium effect size, F(2,54)=3.84, p=.028, 
ηp2 = .13, power=.67.  Polynomial contrasts showed a significant linear trend for FAMILIARITY with a 
medium effect size, F(1,27)=6.62, p=.016, ηp2 = .18, power=.70. Sidak pairwise comparisons showed 
familiar songs (M=3.69) elicited significantly stronger emotional responses compared to unfamiliar 
songs (M=3.41, p=.047). Moderately familiar songs (M=3.67) elicited marginally significantly stronger 
emotional responses compared to unfamiliar songs (p=.063). As song familiarity decreases, so does 
strength of emotional response.  
 
What influence does genre preferences have on emotional response to music? 
There was a significant main effect of GENRE with a medium effect size, F(2,54)=5.53, p=.007, ηp2 = 
.17, power=.83. Polynomial contrasts showed a significant linear trend for GENRE with a large effect 
size, F(1,27)=9.47, p=.005, ηp2 = .26, power=.84. Sidak pairwise comparisons showed that preferred 
genres (M=3.76) elicited significantly stronger emotional responses compared to disliked genres 
(M=3.35, p=.014). Further, moderately preferred genres (M=3.66) produced marginally significantly 
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stronger emotional responses compared to disliked genres (p=.090). Essentially, as genre preference 
decreases so does strength of emotional response.  
 
PAT 
Table F.10 
Mean scores (SDs) of strength of emotional response for PAT 
 
Songs 
GENRE 
Preferred Moderately preferred Disliked 
OWN songs 
Familiar 2.75 (.52) 2.80 (.37) 2.26 (.66) 
Moderately Familiar 2.52 (.63) 2.40 (.70) 2.12 (.72) 
Unfamiliar 2.13 (.74) 2.03 (.78) 2.01 (.73) 
RES songs 
Familiar 2.48 (.53) 2.12 (.67) 2.21 (.75) 
Moderately Familiar 2.38 (.63) 2.26 (.67) 2.24 (.76) 
Unfamiliar 1.98 (.67) 2.08 (.65) 2.03 (.63) 
 
Table F.11 
Mean scores of strength of emotional response for main effects, PAT 
Main Effect 
GENRE Preferred Moderately preferred Disliked 
2.37 2.28 2.15 
FAMILIARITY Familiar Moderately familiar Unfamiliar 
2.44 2.32 2.05 
SONG SELECTOR  OWN RES 
2.34 2.20 
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The assumption of sphericity was met for all tests.  
 
Can a third party be as effective at choosing emotive music as a self-selector? 
There was a significant main effect of SONG SELECTOR , F(1,28)=7.46, p=.011, ηp2 = .21, power=.75 
(Figure F.15), with OWN songs eliciting a significantly stronger emotional response compared to RES 
songs. 
 
There was a significant two-way interaction effect of FAMILIARITY * SONG SELECTOR, F(2,56)=3.43, 
p=.039, ηp2 = .11, power=.62 (Figure 16). A step-down approach was used to explore this interaction 
effect. Two One-way repeated-measures ANOVAs were run, one for OWN and one for RES, with 
FAMILIARITY as the factor, with three levels. A Bonferroni correction set the cut-off for significance at 
p=.025. 
 
For OWN songs, the assumption of sphericity was met. There was a large, significant main effect of 
FAMILIARITY, F(2,56)=16.00, p<.001, ηp2 =.36, power=1.00. Polynomial contrasts showed a significant 
linear trend, F(1,28)=37.44, p<.001, ηp2 =.57, power=1.00. This was supported by Sidak pairwise 
comparisons, showing familiar songs (M=2.61) elicited significantly stronger emotional responses 
compared to moderately familiar songs (M=2.35, p=.013) and unfamiliar songs (M=2.06, p<.001). 
Moderately familiar songs elicited a marginally significant stronger emotional response compared to 
unfamiliar songs (p=.053). For OWN songs, strength of emotional response decreases as song 
familiarity decreases. 
 
For RES songs, the assumption of sphericity was met. There was a medium, significant main effect of 
FAMILIARITY, F(2,56)=5.79, p=.005, ηp2 =.17, power=.85. Polynomial contrasts showed a significant 
linear trend, F(1,28)=7.21, p=.012, ηp2 =.21, power=.74. There was also a marginally significant 
quadratic trend, F(1,28)=4.17, p=.051, , ηp2 =.13, power=.51. Due to the low power of both, and the 
reasonable effect sizes, post-hoc tests were used to further examine this relationship. Sidak pairwise 
comparisons showed familiar songs (M=2.27, 95% CI Lower=2.12, 95% CI Upper=2.42) and moderately 
familiar songs (M=2.30, 95% CI Lower=2.16, 95% CI Upper=2.43) elicited significantly stronger 
emotional responses compared to unfamiliar songs (M=2.04, 95% CI Lower=1.87, 95% CI Upper=2.20; 
p=.036 and p=.006 respectively). There was no significant difference between familiar and moderately 
familiar songs and CIs suggest very little difference, but suggest the quadratic trend is perhaps more 
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representative in the overall population, compared to the linear trend, despite having a slightly smaller 
effect size. For RES songs, strength of emotional response is lower only for unfamiliar songs, with little 
difference between familiar and moderately familiar songs on strength of emotional response.  
 
Paired-samples t-tests were also run to investigate differences between OWN and RES songs at each 
level of FAMILIARITY, with a Bonferroni correction setting the cut-off for significance at p=.017. These 
showed OWN familiar songs (M=2.61) elicited a significantly stronger emotional response compared 
to RES familiar songs (M=2.27), t(28)=5.06, p<.001, d= .85, with a large effect. There were no other 
significant differences. Therefore, song selector is only an important consideration for strength of 
emotional response for familiar songs. 
 
There was a marginally significant two-way interaction effect of GENRE * SONG SELECTOR , 
F(2,56)=2.94, p=.061, ηp2 = .10, power=.55 (Figure 17). The small-to-medium effect size and low power 
suggests marginal significance may be due to low sample size rather than a lack of significance, 
therefore further analyses were run to examine the interaction.  A step-down approach was used to 
explore this interaction effect. Two one-way repeated-measures ANOVAs were run, one for OWN and 
one for RES, with GENRE as the factor, with three levels. A Bonferroni correction set the cut-off for 
significance at p=.025. The assumption of sphericity was met for both tests. 
 
For OWN songs, there was a significant main effect of GENRE, F(2,56)=5.40, p=.007, ηp2 = .16, 
power=.83. Polynomial contrasts showed a significant linear trend, F(1,28)=8.93, p=.006, ηp2 = .24, 
power=.82, suggesting as genre preferences decrease for OWN songs, so does strength of emotional 
response. However, Sidak pairwise comparisons showed a significant difference in strength of 
emotional response between preferred genres (M=2.46; 95% CI Lower=2.33, 95% CI Upper=2.60) and 
moderately preferred genres (M=2.41; 95% CI Lower=2.25, 95% CI Upper=2.58) compared to disliked 
genres (M=2.13, p=.017 and p=.039 respectively; 95% CI Lower=1.96, 95% CI Upper=2.31). Again, 
there is little difference in strength of emotional response between preferred and moderately 
preferred genres, therefore whilst strength of emotional response may decrease as genre preferences 
decrease, to guarantee a strong emotional response a listener should avoid selecting disliked genres. 
However, for RES songs, there was no significant main effect of GENRE, F(2,56)=0.88, p=.42, ηp2 = .03, 
power=.20. Genre preference is trivial in determining strength of emotional response when a third 
party is selecting the songs. 
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Paired-samples t-tests were also run to investigate differences between OWN and RES songs at each 
level of GENRE, with a Bonferroni correction setting the cut-off for significance at p=.017. These 
showed OWN songs from a preferred genre (M=2.46) elicited a marginally significant stronger 
emotional response compared to RES songs from a preferred genre (M=2.28), t(28)=2.01, p=.054, 
d=.43. Whilst the Bonferroni correction can be over-conservative, the small-to-medium effect size 
suggests this is not a meaningful effect. However, for songs from a moderately preferred genre there 
was a significant difference, with OWN songs from a moderately preferred genre (M=2.41) eliciting 
stronger emotional responses compared to RES songs from a moderately preferred genre (M=2.15), 
t(28)=3.14, p=.004, d=.60. There were no significant differences between song selectors for songs 
from a disliked genre. Therefore the conclusion is SONG SELECTOR is only an important consideration 
for selecting music that elicits the strongest emotional response when using music from moderately 
preferred genres.  
 
Overall, for OWN songs selection from generally liked genres will elicit a stronger emotional response 
compared to disliked genres, whereas genre preference does not need to be considered if a third party 
is selecting the songs. Further, song selector only needs to be considered when selecting songs from 
a moderately preferred genre. 
 
What influence does song familiarity have on emotional response to music?  
There was a significant main effect of FAMILIARITY, F(2,56)=21.09, p<.001, ηp2 = .43, power=1.00 
(Figure F.18). Polynomial contrasts showed a significant linear trend with a large effect size, 
F(1,28)=42.53, p<.001,  ηp2 = .60, power=1.00, showing as song familiarity diminishes, strength of 
emotional response decreases. This is further supported by Sidak pairwise comparisons, showing 
familiar songs (M=2.44) and moderately familiar songs (M=2.32) elicited significantly stronger 
emotional responses compared unfamiliar songs (M=2.05; p<.001 and p=.001 respectively).  
 
Figure F.18: Graph showing main effect of FAMILIAIRTY for PAT 
 
What influence does genre preferences have on emotional response to music? 
There was a significant main effect of GENRE, F(2,56)=3.23, p=.047, ηp2 = .10, power=.59 (Figure 21). 
Polynomial contrasts showed a significant linear trend, F(1,28)=6.34, p=.018, ηp2 = .19, power=.68. 
Examination of the means (Table F.11) suggest a monotonic trend of strength of emotional response 
418 
 
decreasing as genre preference decreases. Sidak pairwise comparisons showed preferred genres 
(M=2,37) elicit a marginal significantly stronger emotional response compared to disliked genres 
(M=2.15, p=.053).  
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APPENDIX G – GEMS-9 measure, version capturing perceived emotions 
 
  
420 
 
 
APPENDIX H - CORRELATIONs BETWEEN EMOTION MEASURES STUDY ONE 
 
Wonder-Transcendence; r=.74, p<.001 
Wonder-Nostalgia; r=.41, p=.028 
Wonder-Peacefulness; r=.55, p=.002 
Wonder-Joy; r=.53, p=.003 
Wonder-Tenderness; r=.43, p=.020 
 
Transcendence-Joy; r=.54, p=.002 
Transcendence-SAMA; r=-.37, p=.045 
Transcendence-SAMD; r=.38, p=.041 
Transcendence-SAMP; r=-.36, p=.053 
Transcendence-Power; r=.36, p=.057 
 
Power-Joy; r=.84, p<.001 
Power-SAMP; r=-.55, p=.002  
Power-SAMA; r=-.61, p<.001 
Power-SAMD; r=.68, p<.001 
Power-PATP; r=.34, p=.069 
 
Nostalgia-Peace; r=.80, p<.001 
Nostalgia -Tenderness; r=.76, p<.001  
Nostalgia -PATA; r=-.44, p=.018 
Nostalgia -PATT; r=-.58, p=.001 
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Peace-Sad; r=.47, p=.010 
Peace -Tenderness; r=.75, p<.001  
Peace  -SAMA; r=.37, p=.048 
Peace -PATA; r=-.40, p=.032 
Peace -PATT; r=-.59, p=.001 
 
Joy  -SAMP; r=-.68, p<.001 
Joy -SAMA; r=-.61, p<.001 
Joy -SAMD; r=.67, p<.001 
Sad-SAMA; r=.41, p=.029 
Sad -Tenderness; r=.44, p=.016  
Sad -PATA; r=-.41, p=.027 
Sad -SAMD; r=-.36, p=.053 
 
Tension -PATT; r=.60, p=.001 
Tension -PATP; r=-.33, p=.083 
 
Tenderness -PATA; r=-.45, p=.016 
Tenderness -PATT; r=-.52, p=.004 
 
SAMP -SAMA; r=.56, p=.002 
SAMP -SAMD; r=-.78, p<.001 
SAMP -PATP; r=-.42, p=.025 
SAMP -PATA; r=-.36, p=.055 
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SAMA -SAMD; r=-.72, p<.001 
SAMA -PATA; r=-.58, p=.001 
SAMA -PATT; r=-.48, p=.008 
 
SAMD -PATP; r=.43, p=.019 
SAMD -PATA; r=.41, p=.029 
 
PATP-PATA; r=.40, p=.033 
PATP -PATT; r=-.3 8, p=.043 
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APPENDIX I  - PREFERENCE AND FAMILIARITY RATINGS FOR STUDY TWO 
 
Preference, Familiarity  
With this set of rating scales you are asked to rate liking and familiarity for each individual track.  For 
each track please circle the appropriate rating for the following scales:  
 
1) How much you like it: 1 = strongly disliked to 5 = strongly liked.  
2) How familiar the track is: 1 = Unfamiliar to 5 = Familiar.  
 
You can complete these scales at any point during the 2 minute listening of that track.  
 
Track 1 
 
Strongly dislike 1 2 3 4 5 Strongly like 
Unfamiliar 1 2 3 4 5 Familiar 
Track 2 
 
Strongly dislike 1 2 3 4 5 Strongly like 
Unfamiliar 1 2 3 4 5 Familiar 
Track 3 
 
Strongly dislike 1 2 3 4 5 Strongly like 
Unfamiliar 1 2 3 4 5 Familiar 
Track 4 
 
Strongly dislike 1 2 3 4 5 Strongly like 
Unfamiliar 1 2 3 4 5 Familiar 
Track 5 
 
Strongly dislike 1 2 3 4 5 Strongly like 
Unfamiliar 1 2 3 4 5 Familiar 
Track 6 
 
Strongly dislike 1 2 3 4 5 Strongly like 
Unfamiliar 1 2 3 4 5 Familiar 
Track 7 
 
Strongly dislike 1 2 3 4 5 Strongly like 
Unfamiliar 1 2 3 4 5 Familiar 
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Track 8 
 
Strongly dislike 1 2 3 4 5 Strongly like 
Unfamiliar 1 2 3 4 5 Familiar 
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APPENDIX J – MUSIC SELECTION INSTRUCTIONS 
 
Thank you for considering taking part in this study. Please read the attached Information Sheet and 
Consent Form. If you have any questions please do not hesitate to contact me. 
 
Before you come to complete the experiment, please choose four songs that you strongly associate 
with personal events or memories that led to you feeling a certain way and list them in the table 
below.  For example, a song that reminds you of a particularly joyful occasion (e.g. your best birthday 
party): 
 
Mood of memory Artist Song Title 
Joyful   
Tender   
Sad   
Tense   
 
Please email your completed table to me at s.e.campbell@surrey.ac.uk. By emailing your song choice 
you consent to taking part in the preliminary part of the study. Then you will be asked to book a time 
convenient to yourself to come in and complete the experiment. The session will take about 45 
minutes. 
 
If you decide against taking part in the study, you are free to withdraw at any time. This study has 
received a favourable ethical opinion from the University of Surrey Ethics Committee. 
If you have any question, please do not hesitate to ask. 
 
Thanks for your time! 
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APPENDIX K – OVERALL ANALYSES FOR STUDY TWO, INCLUDING EMOTION FACTOR 
 
The overall analysis for study 2 
Hypothesis 1 posited songs with associated emotional memories will elicit stronger emotions 
compared to songs without memories. To test this a 2x4x9 repeated-measures ANOVA was run with 
three factors: MEMORY (Self declared memory; Matched song); EMOTION (Happy; Tender; Sad; 
Tense); GEMS (Wonder; Transcendence; Power; Tenderness; Nostalgia; Peacefulness; Joyful 
Activation; Sadness; Tension).  
 
In conjunction, a 2x4x3 repeated-measures ANOVA was run with three factors: MEMORY (Self-
declared memory; Matched song); EMOTION (Happy; Tender; Sad; Tense); SAM (Pleasure; Arousal; 
Dominance). 
 
Mauchly’s test of sphericity was violated for all effects involving the GEMS factor, therefore for these 
the Greenhouse-Geisser correction was applied.  
 
For the SAM analysis, Mauchly’s test of sphericity was violated for all effects apart from the MEMORY 
main effect, MEMORY*EMOTION interaction effect and the MEMORY*SAM interaction effect. For all 
effects violated apart from the MEMORY*EMOTION*SAM interaction effect, the Greenhouse-Geisser 
value exceeded .75, therefore for these the Huynh-Feldt correction is reported. As the 
MEMORY*EMOTION*SAM interaction effect Greenhouse-Geisser value fell below .75, for this the 
Greenhouse-Geisser correction is reported.  
 
Results for the two analyses are presented concurrently.  
 
There was a significant main effect of MEMORY, F(1, 52)= 171.45, p<.001, ηp2 = .77, power=1.00. Sidak 
pairwise comparisons showed songs with self-declared memories (M=2.90, 95% CI Lower=2.75, 95% 
CI Upper=3.05) elicited significantly stronger emotional responses compared to matched songs 
(M=2.22, 95% CI Lower=2.09, 95% CI Upper=2.35). 
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Results from the GEMS analysis were mirrored by the SAM analysis results, showing There was a 
significant main effect of MEMORY, F(1, 53)= 43.16, p<.001, ηp2 = .45, power=1.00. Sidak pairwise 
comparisons showed songs with self-declared memories (M=3.82, 95% CI Lower = 3.60, 95% CI Upper 
=4.04) elicited significantly stronger emotional responses compared to matched songs (M=4.53, 95% 
CI Lower = 4.35, 95% CI Upper = 4.70). 
There was a significant main effect of EMOTION, F(3, 156)= 17.68, p<.001, ηp2 = .25, power=1.00. Sidak 
pairwise comparisons showed participants’ songs from the tense category (M=2.20, 95% CI 
Lower=2.03, 95% CI Upper=2.37) elicited significantly weaker emotional responses compared to songs 
from the happy (M=2.63, 95% CI Lower=2.47, 95% CI Upper=2.79, p<.001), tender (M=2.77, 95% CI 
Lower=2.60, 95% CI Upper=2.94, p<.001) and sad (M=2.65, 95% CI Lower=2.49, 95% CI Upper=2.81, 
p<.001) categories (Figure K.1). There were no other significant differences when comparing songs 
from different emotion quadrants. 
 
 
These results were in contrast to the results from the SAM. There was a significant main effect of 
EMOTION, F(2.46, 130.48)= 38.76, p<.001, ηp2 = .42, power=1.00. Sidak pairwise comparisons showed 
happy songs (M=3.07, 95% CI Lower =2.82, 95% CI Upper =3.32) elicited significantly stronger, more 
positive emotional responses than other associated emotions at p<.001, whilst sad songs (M=5.29, 
95% CI Lower = 4.99, 95% CI Upper=5.60) elicited significantly weaker emotions compared to tense 
songs (M=4.18, 95% CI Lower=3.82, 95% CI Upper = 4.55, p<.001) and tender songs (M=4.15, 95% CI 
Lower = 3.86, 95% CI Upper = 4.43, p<.001). There was no significant difference in strength of 
emotional response between tender songs and tense songs (Figure K.2). 
 
Results suggest for categorical emotion measures, tense songs elicit significantly stronger emotional 
response compared to songs from other quadrants, whereas on a dimensional emotion model, happy 
songs elicit the strongest, most positive emotional response, with sad songs eliciting the most negative 
emotional response.  
 
There was a significant main effect of GEMS, F(5.47, 284.62)= 30.10, p<.001, ηp2 = .37, power=1.00. 
Means and associated Sidak pairwise comparison results are presented in Table K1. Nostalgia was felt 
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most strongly, with sadness and tension experienced the least. Tension was felt significantly less than 
all other emotions (Figure K3).  
 
 
 
 
Table K.1 
Adjusted means (95% CI Lower, 95% CI Upper) for each GEMS-9 emotion, as a result of Sidak pairwise comparisons 
for the main effect of GEMS-9 emotion 
 Mean Won Tran Pow Tend Nos Peac Joy Sad Tens 
Nostalgia 3.09 
(2.91,3.28) 
-n/s p<.001 -n/s p=.024 - p<.001 p<.001 p<.001 p<.001 
Power 2.81 
(2.62,3.01) 
-n/s p=.004 - -n/s -n/s -n/s -n/s p<.001 p<.001 
Tenderness 2.80 
(2.62,2.98) 
-n/s n/s -n/s - p=.024 p=.026 -n/s p<.001 p<.001 
Wonder 2.77 
(2.52,3.03) 
- p=.009 -n/s -n/s -n/s -n/s -n/s p<.001 p<.001 
Joyful 
Activation 
2.66 
(2.51,2.81) 
-n/s -n/s -n/s -n/s p<.001 -n/s - p<.001 p<.001 
Peacefulness 2.49 
(2.32,2.65) 
-n/s -n/s -n/s p=.026 p<.001 - -n/s -n/s p<.001 
Transcendence 2.45 
(2.21,2.68) 
p=.009 - p=.004 n/s p<.001 -n/s -n/s -n/s p<.001 
Sadness 2.19 
(2.04,2.34) 
p=.001 -n/s p<.001 p<.001 p<.001 -n/s p<.001 - p<.001 
Tension 1.80 
(1.69,1.92) 
p<.001 p<.001 p<.001 p<.001 p<.001 p<.001 p<.001 p<.001 - 
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There was no significant main effect of SAM, F(1.82, 96.28)= 1.26, p = .29, power=.26. 
 
There was a significant interaction effect of MEMORY*EMOTION, F(3,156)= 3.21, p=.025, ηp2 = .06, 
power=.73. Sidak pairwise comparisons showed songs with self-declared memories elicited 
significantly stronger emotions compared to matched songs for each emotion category at a level of 
p<.001. More interestingly, for songs without associated memories tense songs elicited significantly 
weaker emotional responses compared to happy songs, tender songs and sad songs (Table 2).  
However, for songs with associated memories, while tense songs again elicited significantly weaker 
emotional responses compared to happy songs, tender songs and sad songs, songs with associated 
tender memories elicited significantly stronger emotional responses compared to songs with 
associated happy and sad memories (Table K.2; Figure K.4). For songs with associated memories, 
tender songs elicited the strongest emotional response, whereas for songs without associated 
memories, matched sad, tender and joyful songs elicited equivalent emotional responses.  
 
 
 
Table K.2 
Adjusted means (95% CI Lower, 95% CI Upper) as a result of Sidak pairwise comparisons for the 
interaction effect of MEMORY*EMOTION 
 Mean (95% CI Lower, 
95% CI Upper) 
Joyful  Tender  Sad  Tense  
Songs with memory 
Tender 3.24 (3.05, 3.43) p=.008 - p=.006 p<.001 
Happy 2.96 (2.78, 3.15) - p=.008 n/s p<.001 
Sad 2.95 (2.77, 3.13) n/s p=.006 - p<.001 
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Tense 2.46 (2.27, 2.66) p<.001 p<.001 p<.001 - 
Matched songs 
Sad 2.35 (2.14, 2.55) n/s n/s - p=.011 
Tender 2.31 (2.10, 2.52) n/s - n/s p=.011 
Happy 2.29 (2.10, 2.49) - n/s n/s p=.028 
Tense 1.94 (1.75, 2.13) p=.028 p=.011 p=.011 - 
 
 
There was a significant interaction effect of MEMORY*EMOTION, F(3,159)= 26.65, p<.001, ηp2 = .34, 
power=1.00. Sidak pairwise comparisons showed songs with self-declared memories elicited 
significantly stronger emotions compared to matched songs (Table K.3).  
 
Table K.3 
Means and 95% Cis for estimated marginal means comparing songs with and 
without memories for each emotion quadrant, following Sidak pairwise 
comparisons of the interaction effect Memory*Emotion 
Emotion Memory song 
Mean (95% CI 
Lower, 95% CI 
Upper) 
Matched song 
Mean (95% CI 
Lower, 95% CI 
Upper) 
Sig 
Happy songs 2.03 (1.71, 2.35) 4.12 (3.74, 4.50) p<.001 
Tender songs 3.51 (3.15, 3.87) 4.78 (4.41, 5.16) p<.001 
Sad songs 6.83 (5.43, 6.23) 4.76 (4.36, 5.16) p<.001 
Tense songs 3.92 (3.38, 4.46) 4.45 (4.11, 4.80) p=.048 
 
For songs with an associated memory, happy songs elicited a significantly stronger emotional response 
compared to songs from the other emotion quadrants (Table XX). Sad songs with an associated 
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memory elicited a significantly more negative emotional response compared to songs from all other 
emotion quadrants, however a comparison of tender songs and tense songs, both with associated 
memories, showed no significantly different emotional responses. Interestingly, songs without 
associated memories showed no significantly different emotional responses when comparing songs 
from different emotion quadrants (Table K.; Figure K.4). 
 
Table K.4 
Means and 95% Cis for estimated marginal means comparing emotion quadrants for songs 
with and songs without associated memories, following Sidak pairwise comparisons of the 
interaction effect Memory*Emotion 
 Mean (95% CI 
Lower, 95% CI 
Upper) 
Happy  Tender  Sad  Tense  
Songs with memory 
Happy songs 2.03 (1.71, 
2.35) 
- p<.001 p<.001 p<.001 
Tender songs 3.51 (3.15, 
3.87) 
p<.001 - p<.001 n/s 
Tense songs 3.92 (3.38, 
4.46) 
p<.001 n/s p<.001 - 
Sad songs 6.83 (5.43, 
6.23) 
p<.001 p<.001 - p<.001 
Matched songs 
Happy songs 4.12 (3.74, 
4.50) 
- n/s n/s n/s 
Tense songs 4.45 (4.11, 
4.80) 
n/s n/s n/s - 
Sad songs 4.76 (4.36, 
5.16) 
n/s n/s - n/s 
432 
 
Tender songs 4.78 (4.41, 
5.16) 
n/s - n/s n/s 
 
 
 
 
Taken together, results suggest songs with associated memories elicit stronger emotional responses 
compared to songs without memories, irrespective of emotion quadrant represented by the song. 
However, for a categorical emotion measure, the GEMS, songs with associated memories showed 
tender songs to elicit the strongest emotional responses, with tense songs eliciting the weakest 
emotional response. In contrast, a circumplex measure, the SAM, showed happy songs elicited the 
strongest emotional responses, and sad songs the weakest, or more likely, the most negative. Results 
are likely due to the nature of the measures used: the GEMS-9 is largely comprised of emotions that 
are low arousal and positive, hence leading to overall strongest responses for tender songs, as tender 
songs represent the low arousal, positively valenced emotion quadrant. Therefore results may be an 
artefact of the measure when averaged within this interaction effect. Similarly, the SAM shows a 
preference for positive valence and high arousal in the scores, therefore happy songs (positively 
valenced and high arousal) score most strongly. Sad songs score closest to neutral, likely due to 
averaging of scores within the interaction effect, demonstrating the negatively valenced, low arousal 
nature of sad songs in terms of emotion quadrants. Songs without memories showed no differences, 
except for tense songs eliciting much weaker responses on the GEMS, suggesting songs without 
associated memories have no qualitatively different emotional responses when comparing songs from 
different emotion quadrants. Instead, matched songs generally elicit similar emotional responses, 
irrespective of emotion quadrant.  
 
There was a significant interaction effect of MEMORY*GEMS, F(5.90, 306.52)= 7.76, p<.001, ηp2 = .13, 
power=1.00. Sidak pairwise comparisons showed for all emotions, songs with associated memories 
elicited significantly stronger feelings compared to matched songs, with means and levels of 
significance presented in Table K.5.  
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Table K.5 
Means (95% CI Lower, 95% CI Upper) for each GEMS-9 emotion for songs with associated 
memories versus matched songs, as a result of Sidak pairwise comparisons for the interaction 
effect MEMORY*GEMS 
GEMS-9 Emotion Memory song 
Mean (95% CI Lower, 
95% CI Upper) 
Matched song 
Mean (95% CI Lower, 
95% CI Upper) 
Sig 
Wonder 3.18  
(2.89, 3.46) 
2.37  
(2.08,2.67) 
p<.001 
Transcendence 2.84 
(2.54, 3.13) 
2.06 
(1.86, 2.26) 
p<.001 
Power 3.12 
(2.88, 3.36) 
2.51 
(2.29, 2.73) 
p<.001 
Tenderness 3.27 
(3.07, 3.47) 
2.33 
(2.12, 2.54) 
p<.001 
Nostalgia 3.63 
(3.42, 3.83) 
2.56 
(2.34, 2.77) 
p<.001 
Peacefulness 2.61 
(2.39, 2.84) 
2.36 
(2.19, 2.53) 
p=.023 
Joyful Activation 2.81 
(2.62, 3.00) 
2.51 
(2.31, 2.70) 
p=.010 
Sadness 2.63 
(2.44, 2.83) 
1.75 
(1.56, 1.93) 
p<.001 
Tension 2.04 
(1.91, 2.18) 
1.57 
(1.41, 1.72) 
p<.001 
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As Figure 5 displays, matched songs without memories elicit a similar profile of emotional response as 
songs with associated memories (with the exception of predominantly nostalgia), albeit songs with 
memories elicit a stronger emotional response. However, memories elicit feelings of tenderness, 
nostalgia and sadness to a much greater degree than matched songs, deviating from the emotional 
profile of matched songs for these emotions (Table 4). Songs with associated memories elicit nostalgia 
significantly more strongly than all other emotions, which is not the case for songs without memories. 
Songs with associated memories are characterised by strong emotions of nostalgia, tenderness, 
wonder and power, with tension elicited significantly less than all other emotions. In the case of 
matched songs, the dominance of certain emotions disappeared, and sadness and tension were 
elicited significantly less than all other emotions, along with a weak elicitation of transcendence. These 
results explain the earlier GEMS main effect. 
 
 
 
 
 
 
 
Table K.6 
Means (95% CI Lower, 95% CI Upper) comparing each GEMS-9 emotion to the others, first for songs with 
associated memories then for matched songs, resulting from Sidak pairwise comparisons for the interaction effect 
MEMORY*GEMS 
 Mean 
(95% CI 
Lower, 
95% CI 
Upper) 
Won Tran Pow Tend Nos Peac Joy Sad Tens 
Songs with memory 
Nostalgia 3.63 p=.033 p<.001 p=.005 p=.029 - p<.001 p<.001 p<.001 p<.001 
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(3.42, 
3.83) 
Tenderness 3.27 
(3.07, 
3.47) 
n/s n/s n/s - p=.029 p<.001 p=.006 p<.001 p<.001 
Wonder 3.18  
(2.89, 
3.46) 
- n/s n/s n/s p=.033 p=.001 n/s p=.026 p<.001 
Power 3.12 
(2.88, 
3.36) 
n/s n/s - n/s p=.005 p=.013 p=.040 p=.050 p<.001 
Transcendence 2.84 
(2.54, 
3.13) 
n/s - n/s n/s p<.001 n/s n/s n/s p<.001 
Joyful 
Activation 
2.81 
(2.62, 
3.00) 
n/s n/s p=.040 p=.006 p<.001 n/s - n/s p<.001 
Sadness 2.63 
(2.44, 
2.83) 
p=.026 n/s p=.050 p<.001 p<.001 n/s n/s - p<.001 
Peacefulness 2.61 
(2.39, 
2.84) 
p=.001 n/s p=.013 p<.001 p<.001 - n/s n/s p=.003 
Tension 2.04 
(1.91, 
2.18) 
p<.001 p<.001 p<.001 p<.001 p<.001 p=.003 p<.001 p<.001 - 
Matched songs 
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Nostalgia 2.56 
(2.34, 
2.77) 
n/s p=.003 n/s n/s - n/s n/s p<.001 p<.001 
Power 2.51 
(2.29, 
2.73) 
n/s p<.001  n/s n/s n/s n/s p<.001 p<.001 
Joyful 
Activation 
2.51 
(2.31, 
2.70) 
n/s p=.010 n/s n/s n/s n/s - p<.001 p<.001 
Wonder 2.37 
(2.08,2.67) 
n/s n/s n/s n/s n/s n/s n/s p=.006 p<.001 
Peacefulness 2.36 
(2.19, 
2.53) 
n/s n/s n/s n/s n/s - n/s p<.001 p<.001 
Tenderness 2.33 
(2.12, 
2.54) 
n/s n/s n/s  n/s n/s n/s p<.001 p<.001 
Transcendence 2.06 
(1.86, 
2.26) 
n/s - p<.001 n/s p=.003 n/s p=.010 n/s p=.001 
Sadness 1.75 
(1.56, 
1.93) 
p=.006 n/s p<.001 p<.001 p<.001 p<.001 p<.001 - n/s 
Tension 1.57 
(1.41, 
1.72) 
p<.001 p=.001 p<.001 p<.001 p<.001 p<.001 p<.001 n/s - 
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Results from the SAM analysis also showed a significant interaction effect of MEMORY*SAM, F(2, 
106)= 20.51, p<.001, ηp2 = .28, power=1.00. Sidak pairwise comparisons showed participants were 
significantly more aroused and felt significantly more in control for songs with an associated memory 
compared to matched songs, with the arousal dimension varying the most between songs with and 
without associated memories as songs without memories showed neutral arousal levels. However 
there was no difference in valence ratings between songs with and songs without associated 
memories (Table K.7) (Figure K.6), suggesting music always elicits strong positive valence, irrespective 
of holding an associated memory. 
 
 
Table K.7 
Means and 95% Cis for estimated marginal means comparing songs with and 
without memories for each SAM dimension, following Sidak pairwise 
comparisons of the interaction effect Memory*SAM 
SAM dimension Memory song 
Mean (95% CI 
Lower, 95% CI 
Upper) 
Matched song 
Mean (95% CI 
Lower, 95% CI 
Upper) 
Sig 
Pleasure 3.91 (3.62, 4.21) 4.09 (3.81, 4.38) n/s 
Arousal 3.50 (3.13, 3.86) 5.07 (4.75, 5.39) p<.001 
Dominance 4.06 (3.72, 4.40) 4.42 (4.07, 4.77) p=.038 
 
 
There were no significant differences when comparing each SAM dimension for songs with associated 
memories (Table XX), whereas for songs without associated memories, arousal ratings were 
significantly lower compared to pleasure and dominance ratings. Overall results suggest songs with 
associated memories elicit high feelings of arousal and a sense of being more in control compared to 
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songs without memories, and songs without memories are characterised by positive feelings but 
neutral levels of arousal. 
Table K.8 
Means and 95% Cis for estimated marginal means comparing SAM dimensions for 
songs with and songs without associated memories, following Sidak pairwise 
comparisons of the interaction effect Memory*Emotion 
 Mean (95% 
CI Lower, 
95% CI 
Upper) 
Pleasure Arousal Dominance 
Songs with memory 
Pleasure 3.91  
(3.62, 4.21) 
- n/s n/s 
Arousal 3.50 
(3.13, 3.86) 
n/s - n/s 
Dominance 4.06 
(3.72, 4.40) 
n/s n/s - 
Matched songs 
Pleasure 4.09  
(3.81, 4.38) 
- p<.001 n/s 
Dominance 4.42  
(4.07, 4.77) 
n/s p=.050 - 
Arousal 5.07  
(4.75, 5.39) 
p<.001 - p=.050 
 
Taken together, results suggest songs with associated memories elicit high levels of nostalgia, 
tenderness, wonder and power, and higher levels of sadness, with low levels of tension, compared to 
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songs without memories. These emotions, with the exception of power, suggest low arousal. This 
contrasts to SAM results which suggest songs with associated memories are characterised by higher 
arousal levels compared to songs without associated memories. However the high levels of control 
map onto strong feelings of power and the strong positive valence ratings also match the GEMS-9 
results. Songs without associated memories show low levels of sadness and tension, the only negative 
emotions on the GEMS-9, which mirror the SAM results suggesting matched songs elicit strong positive 
valence. Results overall suggest songs with associated memories elicit stronger emotional responses 
that are distinguished by certain emotions, and high levels of arousal and feeling in control, whereas 
songs without memories elicit largely undifferentiated, positively valenced emotional responses.  
There was a significant interaction effect of EMOTION*GEMS, F(11.60, 603.14)= 28.90, p<.001, ηp2 = 
.36, power=1.00 (Figure K.7). Sidak pairwise comparisons post-hoc tests further investigated this 
interaction (Table K.9 and Table K.10). Table 5 shows the strength of each GEMS emotion for the 
different types of emotional songs:  
 
• Wonder, transcendence, tenderness and nostalgia were elicited most strongly for tender songs, 
then sad songs, followed by happy songs and least for tense songs.  
• Peacefulness was elicited most strongly for tender songs, then happy songs, then sad songs and 
felt least strongly for tense songs.  
• Power was elicited most strongly for happy songs, then tense songs, then tender songs and felt 
least strongly for sad songs. 
• Joyful activation was elicited most strongly for happy songs, then tender songs, then tense songs 
and felt least strongly for sad songs. 
• Sadness was elicited most strongly for sad songs, then tender songs, then tense songs and least 
strongly for happy songs. 
• Tension was elicited most strongly for tense songs, then sad songs, then tender songs and least 
strongly for happy songs. 
 
More specifically, wonder and nostalgia were felt significantly more strongly for all types of emotion 
songs compared to tense songs. Transcendence was felt significantly more strongly for tender and sad 
songs compared to tense songs, whereas tenderness was felt significantly more strongly for tender 
and sad songs compared to happy and tense songs. Peacefulness was felt significantly more strongly 
for tender songs, and felt significantly more strongly for all types of emotional songs compared to 
tense songs. Power was felt significantly more strongly for happy songs compared to other song types 
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and felt significantly more strongly for tense songs compared to sad songs.  Joyful activation was felt 
significantly more strongly for happy songs compared to all other song types, and was felt significantly 
more strongly for all song types compared to sad songs. Sadness was felt significantly more strongly 
for sad songs compared to other song types, and was elicited significantly more for all song types 
compared to happy songs. Tension was felt significantly more strongly for tense songs compared to 
all other song types and significantly more strongly for sad songs compared to tender and happy songs.  
 
Results suggest wonder, transcendence, tenderness, nostalgia, power and sadness are determined by 
arousal, whereas peacefulness, joyful activation and tension are determined by valence. More 
specifically, wonder, transcendence, tenderness and nostalgia are characterised by low arousal, 
whereas peacefulness is characterised by positive valence. Power is characterised by high arousal 
whereas joyful activation is associated with positive valence. Sadness is characterised by low arousal, 
whereas tension is characterised by negative valence.  
 
Table K.9 
Estimated marginal means and 95% CIs   for each GEMS-9 emotion for songs from each of the four 
emotion quadrants, following Sidak pairwise comparisons for the interaction effect 
EMOTION*GEMS 
 Mean (95% CI 
Lower, 95% CI 
Upper) 
Happy  Tender  Sad  Tense  
Wonder 
Tender 3.22 (2.92,3.51) n/s - n/s p<.001 
Sad 3.01 (2.68,3.34) n/s n/s - p<.001 
Happy 2.82 (2.34,3.30) - n/s n/s p=.008 
Tense 2.05 (1.75,2.35) p=.008 p<.001 p<.001 - 
Transcendence 
Tender 2.79 (2.46,3.13) n/s - n/s p<.001 
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Sad 2.66 (2.32,3.00) n/s n/s - p=.007 
Happy 2.37 (2.05,2.68) - n/s n/s n/s 
Tense 1.96 (1.67,2.25) n/s p<.001 p=.007 - 
Power 
Happy 3.51 (3.23,3.79) - p<.001 p<.001 p=.007 
Tense 2.84 (2.53,3.16) p=.007 n/s p=.024 - 
Tender 2.66 (2.35,2.97) p<.001 - n/s n/s 
Sad 2.25 (1.97,2.52) p<.001 n/s - p=.024 
Tenderness 
Tender 3.43 (3.18,3.67) p=.009 - n/s p<.001 
Sad 3.26 (2.97,3.55) n/s n/s - p<.001 
Happy 2.84 (2.53,3.15) - p=.009 n/s p<.001 
Tense 1.68 (1.42,1.94) p<.001 p<.001 p<.001 - 
Nostalgia 
Tender 3.52 (3.29,3.75) n/s - n/s p<.001 
Sad 3.33 (3.07,3.59) n/s n/s - p<.001 
Happy 3.09 (2.79,3.40) - n/s n/s p=.005 
Tense 2.43 (2.10,2.75) p=.005 p<.001 p<.001 - 
Peacefulness 
Tender 3.21 (2.93,3.49) p=.003 - p=.004 p<.001 
Happy 2.58 (2.26,2.89) - p=.003 n/s p<.001 
Sad 2.52 (2.23,2.81) n/s p=.004 - p<.001 
Tense 1.64 (1.39,1.89) p<.001 p<.001 p<.001 - 
Joyful Activation 
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Happy 3.87 (3.63,4.11) - p<.001 p<.001 p<.001 
Tender 2.59 (2.29,2.88) p<.001 - p<.001 n/s 
Tense 2.36 (2.04,2.68) p<.001 n/s p=.043 - 
Sad 1.82 (1.58,2.06) p<.001 p<.001 - p=.043 
Sadness 
Sad 3.23 (3.01,3.45) p<.001 p<.001 - p<.001 
Tender 2.15 (1.85,2.45) p<.001 - p<.001 n/s 
Tense 2.07 (1.76,2.37) p<.001 n/s p<.001 - 
Happy 1.31 (1.16,1.46) - p<.001 p<.001 p<.001 
Tension 
Tense 2.79 (2.50,3.09) p<.001 p<.001 p<.001 - 
Sad 1.76 (1.54,1.97) p=.001 p=.019 - p<.001 
Tender 1.40 (1.22,1.58) n/s - p=.019 p<.001 
Happy 1.27 (1.13,1.42) - n/s p=.001 p<.001 
 
GEMS emotions were felt differentially based upon the emotional associations of songs (Table 6). 
Happy songs elicited significantly stronger feelings of joyful activation compared to other GEMS 
emotions. Happy songs also elicited strong feelings of power and nostalgia, with low levels of sadness 
and tension elicited. Tender songs elicited strong GEMS emotions of nostalgia, tenderness, wonder 
and peacefulness, with tension elicited significantly less compared to all other emotions, also with low 
levels of sadness elicited. Sad songs elicited strong GEMS emotions of nostalgia, tenderness, sadness 
and wonder. In contrast, sad songs were characterised by eliciting low levels of tension, joyful 
activation and power. Tense songs elicited strong levels of power and tension, followed by nostalgia 
and joy. In contrast peacefulness, tenderness and transcendence were felt weakly in response to tense 
songs. 
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These results suggest happy songs are characterised by positively valenced, high arousal feelings. 
Tender songs are characterised by low arousal, positively valenced emotions. Sad songs are 
characterised by low arousal feelings, with mixed valence, and tense songs are characterised by high 
arousal feelings. 
 
Table K.10 
Estimated marginal means comparing each GEMS-9 emotion for songs from each of the four emotion 
quadrants, following Sidak pairwise comparisons for the interaction effect EMOTION*GEMS 
 Mean  Won Tran Pow Tend Nos Peac Joy Sad Tens 
Happy songs 
Joyful 
Activation 
3.87 p=.004 p<.001 p=.002 p<.001 p=.002 p<.001 - p<.001 p<.001 
Power 3.51 n/s p<.001 - p=.049 n/s p=.002 p=.002 p<.001 p<.001 
Nostalgia 3.09 n/s p=.001 n/s n/s - n/s p=.002 p<.001 p<.001 
Tenderness 2.84 n/s n/s p=.049 - n/s n/s p<.001 p<.001 p<.001 
Wonder 2.82 - n/s n/s n/s n/s n/s p=.004 p<.001 p<.001 
Peacefulness 2.58 n/s n/s p=.002 n/s n/s - p<.001 p<.001 p<.001 
Transcendence 2.37 n/s - p<.001 n/s p=.001 n/s p<.001 p<.001 p<.001 
Sadness 1.31 p<.001 p<.001 p<.001 p<.001 p<.001 p<.001 p<.001 - n/s 
Tension 1.27 p<.001 p<.001 p<.001 p<.001 p<.001 p<.001 p<.001 n/s - 
Tender songs 
Nostalgia 3.52 n/s p<.001 p<.001 n/s - n/s p<.001 p<.001 p<.001 
Tenderness 3.43 n/s p=.038 p=.002 - n/s n/s p<.001 p<.001 p<.001 
Wonder 3.22  p=.007 p=.038 n/s n/s n/s n/s p<.001 p<.001 
Peacefulness 3.21 n/s n/s n/s n/s n/s - p=.033 p<.001 p<.001 
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Transcendence 2.79 p=.007 - n/s p=.038 p<.001 n/s n/s p=.014 p<.001 
Power 2.66 p=.038 n/s - p=.002 p<.001 n/s n/s n/s p<.001 
Joyful 
Activation 
2.59 n/s n/s n/s p<.001 p<.001 p=.033 - n/s p<.001 
Sadness 2.15 p<.001 p=.014 n/s p<.001 p<.001 p<.001 n/s - p<.001 
Tension 1.40 p<.001 p<.001 p<.001 p<.001 p<.001 p<.001 p<.001 p<.001 - 
Sad songs 
Nostalgia 3.33 n/s p=.007 p<.001 n/s - p<.001 p<.001 n/s p<.001 
Tenderness 3.26 n/s p=.006 p<.001 - n/s p<.001 p<.001 n/s p<.001 
Sadness 3.23 n/s n/s p<.001 n/s n/s p=.011 p<.001 - p<.001 
Wonder 3.01 - n/s p=.003 n/s n/s n/s p<.001 n/s p<.001 
Transcendence 2.66 n/s - n/s p=.006 p=.007 n/s p=.007 n/s p<.001 
Peacefulness 2.52 n/s n/s n/s p<.001 p<.001 - p=.031 p=.011 p=.014 
Power 2.25 p=.003 n/s - p<.001 p<.001 n/s n/s p<.001 p=.018 
Joyful 
Activation 
1.82 p<.001 p=.007 n/s p<.001 p<.001 p=.031 n/s p<.001 n/s 
Tension 1.76 p<.001 p<.001 p=.018 p<.001 p<.001 p=.014 n/s p<.001 - 
Tense songs 
Power 2.84 p=.002 p<.001 - p<.001 n/s p<.001 p=.012 n/s n/s 
Tension 2.79 p=.032 p=.008 n/s p<.001 n/s p<.001 n/s p=.020 - 
Nostalgia 2.43 n/s p=.048 n/s p<.001 - p=.004 n/s n/s n/s 
Joyful 
Activation 
2.36 n/s n/s p=.012 p=.034 n/s p=.037 - n/s n/s 
Sadness 2.07 n/s n/s n/s n/s n/s n/s n/s - p=.020 
Wonder 2.05 - n/s p=.002 n/s n/s n/s n/s n/s p=.032 
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Transcendence 1.96 n/s - p<.001 n/s p=.048 n/s n/s n/s p=.008 
Tenderness 1.68 n/s n/s p<.001 - p<.001 n/s p=.034 n/s p<.001 
Peacefulness 1.64 n/s n/s p<.001 n/s p=.004 - p=.037 n/s p<.001 
 
 
These results were supported by the analysis of the SAM. There was a significant interaction effect of 
EMOTION*SAM, F(5.19, 275.14)= 14.05, p<.001, ηp2 = .21, power=1.00 (Figure 6). Sidak pairwise 
comparisons showed the following differences:  
 
Pleasure was felt significantly more strongly for happy songs compared to songs from the other 
emotion quadrants (Table XX). Sad songs were significantly less pleasurable compared to songs from 
all other emotion quadrants, whilst tender songs were significantly more pleasurable compared to  
tense songs. This maps onto valence ratings of the circumplex model, where happy and tender songs 
are associated with more positive valence. However tense songs showed ratings responding to 
positive valence, whereas in the circumplex space tension falls on the negative valence side. Sad songs 
were rated as negatively valenced, as would be expected based upon a circumplex model. 
 
Participants were significantly more aroused for happy songs compared to tender songs and sad 
songs, but not for tense songs (Table XX). Tense songs were significantly more arousing than tender 
and sad songs, but there was no significant difference in arousal between tender and sad songs. This 
again maps onto the arousal dimension of the circumplex model, where happy and tense songs are 
associated with high levels of arousal, and tender and sad songs are associated with low levels of 
arousal. However all songs show arousal ratings that are higher than neutral. 
 
Dominance was felt significantly more strongly for happy songs compared to songs from all other 
emotion quadrants (Table K.11). There was no significant difference for dominance ratings between 
tender songs and tense songs. However dominance was felt significantly less for sad songs compared 
to tender songs, but not for tense songs, suggesting a relationship between positive valence and a 
sense of being in control, with negative valence, particularly when felt with low arousal, associated 
with feelings of not being in control.  
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Table K.11 
Means for each SAM dimension for songs from each of the four emotion spaces as a result of Sidak 
pairwise comparisons for the interaction effect EMOTION*SAM 
 Mean (95% CI 
Lower, 95% CI 
Upper) 
Happy  Tender  Sad  Tense  
Pleasure 
Happy songs 2.32 (2.01, 2.62) - p<.001 p<.001 p<.001 
Tender songs 3.41 (2.98, 3.83) p<.001 - p<.001 p=.012 
Tense songs 4.48 (3.98, 4.99) p<.001 p=.012 p=.002 - 
Sad songs 5.81 (5.35, 6.26) p<.001 p<.001 - p=.002 
Arousal 
Happy songs 3.59 (3.19, 4.00) - p<.001 p<.001 n/s 
Tense songs 3.73 (3.31, 4.15) n/s p=.001 p=.002 - 
Sad songs 4.87 (4.40, 5.35) p<.001 n/s - p=.002 
Tender songs 4.94 (4.45, 5.42) p<.001 - n/s p=.001 
Dominance 
Happy songs 3.32 (2.91, 3.73) - p=.006 p<.001 p=.016 
Tender songs 4.10 (3.67, 4.54) p=.006 - p=.001 n/s 
Tense songs 4.34 (3.82, 4.87) p=.016 n/s n/s - 
Sad songs 5.20 (4.68, 5.73 p<.001 p=.001 - n/s 
Happy songs elicited significantly more pleasure compared to arousal and dominance, as would be 
expected (Table K.12). Tender songs elicited significantly more pleasure compared to arousal and 
dominance, with significantly more dominance elicited compared to arousal, as arousal ratings were 
around neutral. In contrast, sad songs elicited significantly more negative valence (pleasure 
447 
 
dimension) compared to arousal (which was again around neutral), with no significant difference 
between arousal and dominance ratings. Tense songs also elicited significantly less positive valence 
compared to levels of arousal levels, but in contrast to sad songs, high levels of arousal were reported 
for tense songs. These findings suggest happy songs are characterised by positive valence, feelings of 
dominance and high arousal. Tender songs are characterised by positive valence and feelings of being 
in control. Tense songs show high arousal as the most prominent feeling, but also dominance and 
slightly positive valence, whereas sad songs show negative valence and neutral to low feelings of 
arousal and dominance.  
 
Table K.12 
Means and 95% Cis for estimated marginal means comparing SAM dimensions for 
songs from each of the four emotion quadrants, following SIdak pairwise 
comparisons of the interaction effect EMOTION*SAM 
 Mean (95% CI Lower, 
95% CI Upper)  
Pleasure Arousal Dominance 
Happy songs 
Pleasure 2.32 (2.01, 2.62) - p<.001 p<.001 
Dominance 3.32 (2.91, 3.73) p<.001 n/s - 
Arousal 3.59 (3.19, 4.00) p<.001 - n/s 
Tender songs 
Pleasure 3.41 (2.98, 3.83) - p<.001 p=.033 
Dominance 4.10 (3.67, 4.54) p<.001 p=.047 - 
Arousal 4.94 (4.45, 5.42) p<.001 - p=.047 
Sad songs 
Arousal 4.87 (4.40, 5.35) p=.023 - n/s 
Dominance 5.20 (4.68, 5.73) n/s n/s - 
Pleasure 5.81 (5.35, 6.26) - p=.023 n/s 
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Tense songs 
Arousal 3.73 (3.31, 4.15) p=.036 - n/s 
Dominance 4.34 (3.82, 4.87) n/s n/s - 
Pleasure 4.48 (3.98, 4.99) - p=.036 n/s 
 
 
These results support findings from the GEMS analysis. Happy songs elicit positive valence and high 
arousal, tender songs elicit low arousal but positive valence. Sad songs elicit low arousal and mixed 
valence, and tense songs elicit high arousal.  
 
However when examining the three-way interaction effects, a more nuanced picture emerges.  
 
There was a significant interaction effect of MEMORY*EMOTION*GEMS, F(11.52, 598.98)= 11.38, 
p<.001, ηp2 = .18, power=1.00. Sidak pairwise comparisons were performed as post hoc tests. Means 
and significance levels can be found in Table 7. For happy songs, all emotions were felt significantly 
more strongly for songs with associated memories compared to matched songs, except for wonder, 
peacefulness and tension. Sadness was felt significantly more strongly for matched songs, rather than 
songs with associated happy memories. This reflects songs with associated happy memories are 
characterized by very low feelings of sadness.  
 
For tender songs, all emotions were felt significantly more strongly for songs with associated 
memories compared to matched songs, except for joyful activation and tension, reflecting songs with 
associated tender memories are characterized by low arousal. 
For sad songs, all emotions were felt significantly more strongly for songs with associated memories 
compared to matched songs, except for power and peacefulness. However joyful activation was felt 
significantly more strongly for matched songs, rather than songs with associated sad memories, 
reflecting songs with associated sad memories are characterised by low arousal and negative valence.  
For tense songs, songs with associated memories elicited significantly stronger feelings of power, 
nostalgia, sadness and tension, with no significant differences for all other emotions. This suggests 
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songs with associated tense memories are characterised by high arousal and negative valence, along 
with feelings of nostalgia. 
 
Table K.13 
Means for each GEMS-9 emotion for songs from each of the four emotion spaces for songs with 
associated memories compared to matched songs, as a result of Sidak pairwise comparisons for the 
interaction effect MEMORY*EMOTION*GEMS 
Emotion GEMS-9 Memory song Matched song Sig. 
 
 
 
Happy songs 
Wonder 3.23 (2.81,3.65) 2.42 (1.60,3.23) n/s 
Transcendence 2.76 (2.33,3.18) 1.98 (1.66,2.30) p<.001 
Power 4.21 (3.88,4.54) 2.81 (2.44,3.19) p<.001 
Tenderness 3.26 (2.87,3.66) 2.42 (2.07,2.77) p<.001 
Nostalgia 3.53 (3.10,3.96) 2.66 (2.31,3.01) p=.001 
Peacefulness 2.74 (2.31,3.16) 2.42 (2.04,2.79) n/s 
Joyful Activation 4.59 (4.36,4.81) 3.15 (2.77,3.53) p<.001 
Sadness 1.15 (0.99,1.32) 1.47 (1.23,1.72) p=.031 
Tension 1.23 (1.05,1.40) 1.32 (1.12,1.52) n/s 
 
 
 
Tender songs 
 
 
 
Wonder 3.85 (3.51,4.19) 2.59 (2.21,2.97) p<.001 
Transcendence 3.32 (2.91,3.72) 2.26 (1.92,2.61) p<.001 
Power 3.06 (2.65,3.47) 2.26 (1.92,2.61) p<.001 
Tenderness 4.34 (4.08,4.60) 2.51 (2.14,2.88) p<.001 
Nostalgia 4.28 (4.06,4.51) 2.76 (2.34,3.17) p<.001 
Peacefulness 3.70 (3.36,4.03) 2.72 (2.37,3.07) p<.001 
Joyful Activation 2.79 (2.40,3.18) 2.38 (2.01,2.75) n/s 
Sadness 2.47 (2.08,2.87) 1.83 (1.49,2.17) p=.004 
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Tension 1.32 (1.14,1.50) 1.47 (1.22,1.73) n/s 
 
 
 
Sad songs 
Wonder 3.43 (3.00,3.87) 2.59 (2.21,2.96) p=001 
Transcendence 3.15 (2.71,3.59) 2.17 (1.83,2.52) p<.001 
Power 2.06 (1.72,2.40) 2.43 (2.04,2.83) n/s 
Tenderness 3.64 (3.26,4.02) 2.87 (2.49,3.25) p=.002 
Nostalgia 3.89 (3.58,4.19) 2.77 (2.41,3.14) p<.001 
Peacefulness 2.51 (2.14,2.88) 2.53 (2.18,2.88) n/s 
Joyful Activation 1.40 (1.14,1.66) 2.25 (1.86,2.63) p<.001 
Sadness 4.38 (4.11,4.64) 2.08 (1.74,2.41) p<.001 
Tension 2.08 (1.76,2.39) 1.43 (1.20,1.67) p=.001 
 
 
 
Tense songs 
Wonder 2.19 (1.81,2.57) 1.91 (1.56,2.25) n/s 
Transcendence 2.11 (1.73,2.49) 1.81 (1.49,2.13) n/s 
Power 3.15 (2.70,3.60) 2.53 (2.13,2.93) p=.032 
Tenderness 1.83 (1.47,2.19) 1.53 (1.28,1.78) n/s 
Nostalgia 2.81 (2.40,3.22) 2.04 (1.68,2.39) p<.001 
Peacefulness 1.51 (1.21,1.81) 1.77 (1.45,2.10) n/s 
Joyful Activation 2.47 (2.04,2.91) 2.25 (1.88,2.61) n/s 
Sadness 2.53 (2.09,2.98) 1.60 (1.30,1.91) p<.001 
Tension 3.55 (3.19,3.90) 2.04 (1.66,2.42) p<.001 
 
Results from the SAM generally support results from the GEMS analysis. There was a significant 
interaction effect of MEMORY*EMOTION*SAM, F(4.42, 234.11)= 8.64, p<.001, ηp2 = .14, power=1.00. 
Sidak pairwise comparisons were performed as post hoc tests. Means and significance levels can be 
found in Table K.14. 
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For happy songs and tender songs, pleasure, arousal and dominance ratings were significantly greater 
for songs with associated memories compared to matched songs. For sad songs, songs with associated 
memories were significantly less pleasurable, produced lower feelings of dominance, and were 
significantly more arousing than matched songs. This reflects songs with associated sad memories are 
characterised by having a much stronger emotional response than matched songs. Tense songs 
elicited significantly more arousal for songs with associated memories compared to matched songs. 
However, for tense songs, there was no significant difference for pleasure and dominance ratings 
between songs with associated memories and matched songs. This implies that feelings of tension are 
inherent within characteristically ‘tense’ songs, rather than having an associated memory producing 
the emotional response.  
 
 
Table K.14 
Means for each SAM dimension for songs from each of the four emotion spaces for songs with 
associated memories compared to matched songs, as a result of Sidak pairwise comparisons for the 
interaction effect MEMORY*EMOTION*SAM 
Emotion SAM Memory song Matched song Sig. 
 
Joyful songs 
Pleasure 1.35 (1.02, 1.69) 3.28 (2.79, 3.76) p<.001 
Arousal 2.33 (1.77, 2.90) 4.85 (4.33, 5.37) p<.001 
Dominance 2.41 (1.90, 2.91) 4.22 (3.67, 4.78) p<.001 
 
Tender songs 
Pleasure 2.59 (2.06, 3.12) 4.22 (3.66, 4.78) p<.001 
Arousal 4.41 (3.78, 5.04) 5.46 (4.88, 6.05) p=.005 
Dominance 3.54 (2.96, 4.11) 4.67 (4.12, 5.22) p=.002 
 
Sad songs 
Pleasure 7.19 (6.56, 7.81) 4.43 (3.86, 4.99) p<.001 
Arousal 4.28 (3.70, 4.86) 5.46 (4.87, 6.06) p=.001 
Dominance 6.02 (5.31, 6.73) 4.39 (3.78, 4.99) p<.001 
 Pleasure 4.52 (3.76, 5.27) 4.44 (3.90, 4.99) p=.861 
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Tense songs Arousal 2.96 (2.46, 3.47) 4.50 (3.89, 5.12) p<.001 
Dominance 4.28 (3.49, 5.07) 4.41 (3.84, 4.98) p=.771 
 
 
 
Table K.15 
Song 
type 
SAM 
dimension 
Emotion 
quadrant 
Mean (95% CI 
Lower, 95% CI 
Upper) 
Happy  Tender  Sad  Tense  
Songs 
with 
memory 
Pleasure Happy 1.35 (1.02, 1.69) - p=.001 p<.001 p<.001 
Tender 2.59 (2.06, 3.12) p=.001 - p<.001 p=.001 
Tense 4.52 (3.76, 5.27) p<.001 p=.001 p<.001 - 
Sad 7.19 (6.56, 7.81) p<.001 p<.001 - p<.001 
Arousal Happy 2.33 (1.77, 2.90) - p<.001 p<.001 n/s 
Tense 2.96 (2.46, 3.47) n/s p=.001 p=.002 - 
Sad 4.28 (3.70, 4.86) p<.001 n/s - p=.002 
Tender 4.41 (3.78, 5.04) p<.001 - n/s p=.001 
Dominance Happy 2.41 (1.90, 2.91) - p=.013 p<.001 p=.001 
Tender 3.54 (2.96, 4.11) p=.013 - p<.001 n/s 
Tense 4.28 (3.49, 5.07) p=.001 n/s p=.014 - 
Sad 6.02 (5.31, 6.73) p<.001 p<.001 - p=.014 
 
Matched 
songs 
Pleasure Happy 3.28 (2.79, 3.76) - p=.043 p=.044 p=.004 
Tender 4.22 (3.66, 4.78) p=.043 - n/s n/s 
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Sad 4.43 (3.86, 4.99) p=.044 n/s - n/s 
Tense 4.44 (3.90, 4.99) p=.004 n/s n/s - 
Arousal Tense 4.50 (3.89, 5.12) n/s n/s n/s - 
Happy 4.85 (4.33, 5.37) - n/s n/s n/s 
Sad 5.46 (4.87, 6.06) n/s n/s - n/s 
Tender 5.46 (4.88, 6.05) n/s - n/s n/s 
Dominance Happy 4.22 (3.67, 4.78) - n/s n/s n/s 
Sad 4.39 (3.78, 4.99) n/s n/s - n/s 
Tense 4.41 (3.84, 4.98) n/s n/s n/s - 
Tender 4.67 (4.12, 5.22) n/s - n/s n/s 
 
 
Table K.16 
Song 
type 
Emotion 
quadrant 
 
SAM 
dimension 
Mean (95% CI 
Lower, 95% CI 
Upper) 
Pleasure  Arousal  Dominance  
Songs 
with 
memory 
Happy 
songs 
Pleasure 1.35 (1.02, 1.69) - P=.011 p<.001 
Arousal 2.33 (1.77, 2.90) P=.011 - n/s 
Dominance 2.41 (1.90, 2.91) p<.001 n/s - 
Tender 
songs 
Pleasure 2.59 (2.06, 3.12 - p<.001 P=.043 
Dominance 3.54 (2.96, 4.11) P=.043 n/s - 
Arousal 4.41 (3.78, 5.04) p<.001 - n/s 
Sad 
songs 
Arousal 4.28 (3.70, 4.86) p<.001 - P=.002 
Dominance 6.02 (5.31, 6.73) P=.004 P=.002 - 
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Pleasure 7.19 (6.56, 7.81) - p<.001 P=.004 
Tense 
songs 
Arousal 2.96 (2.46, 3.47) P=.001 - P=.007 
Dominance 4.28 (3.49, 5.07) n/s P=.007 - 
Pleasure 4.52 (3.76, 5.27) - P=.001 n/s 
 
Matched 
songs 
Happy 
songs 
Pleasure 3.28 (2.79, 3.76) - p<.001 P=.009 
Dominance 4.22 (3.67, 4.78) P=.009 n/s - 
Arousal 4.85 (4.33, 5.37) p<.001 - n/s 
Tender 
songs 
Pleasure 4.22 (3.66, 4.78 - P=.003 n/s 
Dominance 4.67 (4.12, 5.22) n/s n/s - 
Arousal 5.46 (4.88, 6.05) P=.003 - n/s 
Sad 
songs 
Dominance 4.39 (3.78, 4.99) n/s P=.040 - 
Pleasure 4.43 (3.86, 4.99 - P=.010 n/s 
Arousal 5.46 (4.87, 6.06) P=.010 - P=.040 
Tense 
songs 
Dominance 4.41 (3.84, 4.98) n/s n/s - 
Pleasure 4.44 (3.90, 4.99) - n/s n/s 
Arousal 4.50 (3.89, 5.12) n/s - n/s 
 
Taken together, results suggest songs with associated memories elicit strong feelings of nostalgia 
across the emotion quadrants, compared to songs without memories. Holding a memory to a song 
elicits stronger and different emotional responses compared to songs without memories. Happy songs 
with associated memories elicit feelings of positive valence, followed by high arousal. Tender songs 
elicit low arousal feelings. Tense songs elicit feelings of high arousal and a sense of control, with 
negative valence a weaker indicator than would be expected. Sad songs elicit emotions that are 
negatively valenced, with low arousal and represent a lack of control. Interestingly, with sad songs the 
GEMS and SAM results deviate, with GEMS findings suggesting sad songs elicit low arousal feelings, 
whereas the SAM suggests songs with associated sad memories elicit high arousal feelings.   
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Results support hypothesis 1, in that songs with associated memories elicit significantly stronger 
emotional responses compared to songs without associated memories. Differences in elicited 
emotions manifest when songs hold an associated memory, with these elicited emotions generally 
mapping onto the expected emotion quadrant. Interestingly songs with sad memories seems to elicit 
high arousal when measured with a circumplex model, compared to low arousal when measured using 
the GEMS. Tense songs tend to elicit feelings characterised by high arousal, rather than consistently 
eliciting negative valence also, which is counter to what would be expected.  
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APPENDIX L – STUDY TWO ANALYSIS TESTING EFFECTS OF FAMILIARITY 
 
It was predicted songs with associated memories would elicit stronger emotions compared to songs 
without memories when controlling for familiarity. To control for the effect of song familiarity, a 2x4x9 
repeated-measures ANCOVA was run with three factors: MEMORY (Self declared memory; Matched 
song); EMOTION (Joy; Tender; Sad; Tense/anxious); GEMS (Wonder; Transcendence; Power; 
Tenderness; Nostalgia; Peacefulness; Joyful Activation; Sadness; Tension). Two covariates were 
included: mean familiarity score for songs with associated memories and mean familiarity score for 
songs without associated memories.  
 
Results showed familiarity for songs with associated memories was a significant covariate, 
F(1,51)=4.86, p=.032, ηp2 = .09, power=0.58. Familiarity for songs without associated memories was 
not a significant covariate, F(1,51)=0.13, p=.72, ηp2 = .003, power=0.07. Interestingly, the inclusion of 
the significant covariate removed all previous significant main and interaction effects from the initial 
2x4x9 repeated-measures ANOVA, despite the very small effect size of the covariate. Furthermore, 
closer examination of the results once means were adjusted for the variance explained by the 
covariate suggested the original significant and main interaction effects were maintained. These 
results are interpreted as a lack of independence between the IVs and the covariate (a requirement 
of ANCOVA is independence). Therefore, the discussion will theorise about the relationship between 
familiarity and the formation of an autobiographical memory to music to explain these results. 
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APPENDIX M - STUDY THREE: EXAMINING PHYSIOLOGY PREDICTING SELF-REPORTED EVENT TYPE,    
BASED ON EMOTIONAL EVENT TYPE 
 
Data were then analysed by emotional event type, irrespective of the emotion of the song in which 
they were experienced, examining physiology predicting self-reported event type. 
 
Happy events 
724 cases were included. As expected, standardised valence scores were positive (M=0.79 SD=0.46), 
as were standardised arousal scores, showing overall high arousal (M=0.75, SD=0.54). 
 
Both models were significant. Self-reported valence scores were significantly predicted 
(F(14,709)=4.67, p<.001, ηp2 = .08) by physiology, with 6.6% of the variance of valence explained. Self-
reported arousal scores were significantly predicted (F(14,709)=1.88, p=.025, ηp2 = .04) by physiology, 
explaining 1.7% of the variance in arousal scores.  
 
Parameter estimates showed area under the curve of zygomaticus activity (B=-.04, p=.035), minimum 
zygomaticus activity (B= .07, p=.019), standard deviation (variability) of BPM heart rate (B= .04, 
p=.014) activity all significantly predicted valence. Minimum corrugator activity (B= -.09, p=.07) was a 
marginally significant predictor of valence. As expected, as minimum zygomaticus activity increased 
positive valence scores increased. Surprisingly as overall zygomaticus activity decreased, valence 
scores became more positive. As variance in heart rate increased, positive valence increased. As 
minimum corrugator activity decreased, positive valence scores increased, as expected. Skin 
conductance activity did not predict self-reported valence scores for happy events.  
 
Parameter estimates showed area under the curve of corrugator activity (B=-.08, p=.047), area under 
the curve of zygomaticus activity (B= -.05, p=.046) significantly predicted arousal scores. Minimum 
phasic skin conductance activity (B= .26, p=.07) was a marginally significant predictor of arousal scores. 
As overall zygomaticus and corrugator activity increased arousal scores decreased. As expected, as 
minimum skin conductance activity increased so did arousal scoress for happy events.  
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Tender events 
561 cases were included. As expected, standardised valence scores were positive (M=0.68 SD=0.45), 
and standardised arousal scores were negative, showing overall low arousal (M=-1.03, SD=0.52). 
 
Both models were significant. Self-reported valence scores were significantly predicted 
(F(14,546)=3.09, p<.001, ηp2 = .07) by physiology, with 5.0% of the variance of valence explained. Self-
reported arousal scores were significantly predicted (F(14,546)=2.21, p=.007, ηp2 = .05) by physiology, 
explaining 2.9% of the variance in arousal scores.  
 
Parameter estimates showed only area under the curve of corrugator activity (B=-.09, p=.007) 
significantly predicted valence. As expected, as overall corrugator activity increased positive valence 
scores decreased.  
 
Parameter estimates showed mean corrugator activity (B=-.16, p=.036) significantly predicted arousal 
scores. Maximum corrugator activity (B=.07, p=.09), minimum zygomaticus activity (B= -.09, p=.07) 
and mean heart rate activity (B= -.04, p=.08) were marginally significant predictors of arousal scores. 
As average corrugator activity, minimum zygomaticus activity and heart rate increased arousal scores 
decreased. As maximum corrugator activity increased so did arousal scores for tender events.  
 
Tense events 
499 cases were included. As expected, standardised valence scores were negative (M=-1.02 SD=0.49), 
and standardised arousal scores were positive, showing overall high arousal (M=0.75, SD=0.56). 
 
Both models were significant. Self-reported valence scores were significantly predicted 
(F(14,484)=2.68, p=.001, ηp2 = .07) by physiology, with 4.5% of the variance of valence explained. Self-
reported arousal scores for tense events were significantly predicted (F(14,484)=2.17, p=.008, ηp2 = 
.06) by physiology, explaining 3.2% of the variance in arousal scores.  
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Parameter estimates showed maximum corrugator activity (B=.09, p=.017) and mean corrugator 
activity (B= -.14, p=.012) significantly predicted valence scores for tense events. Mean heart rate 
activity (B= -.04, p=.07) was a marginally significant predictor of valence. As maximum corrugator 
activity increased positive valence scores increased. As mean corrugator activity and heart rate activity 
increased, valence scores became more negative for tense events. 
 
Parameter estimates showed only minimum corrugator activity (B= -.17, p<.001) significantly 
predicted arousal scores for tense events, showing as minimum corrugator activity increased, arousal 
scores decreased.  
 
 
Sad events 
403 cases were included. As expected, standardised valence scores were negative (M=-1.08, SD=0.50), 
as were standardised arousal scores, showing overall low arousal (M=-.87, SD=0.47). 
 
Both models were significant. Self-reported valence scores were significantly predicted 
(F(17,385)=3.13, p<.001, ηp2 = .12) by physiology, with 8.3% of the variance of valence explained. Self-
reported arousal scores were significantly predicted (F(17,385)=2.39, p=.002, ηp2 = .10) by physiology, 
explaining 5.6% of the variance in arousal scores.  
 
Parameter estimates showed minimum (B= -.14, p= .036), maximum (B= .97, p= .018), range (B= -.87, 
p= .013) and area under the curve (B=.12, p= .002) for corrugator activity significantly predicted 
valence scores for sad events. Mean (B= -.07, p=.012) and standard deviation (B= -.08, p=.001) of heart 
rate activity significantly predicted valence scores for sad events. As maximum and overall corrugator 
activity increased, valence scores increased. As minimum activity and range increased, valence scores 
became more negative. As heart rate and the variance in heart rate activity increased, valence scores 
became more negative for sad events.  
 
Parameter estimates showed mean (B= .12, p=.026) and standard deviation (B= -.07, p=.002) of heart 
rate activity significantly predicted arousal scores for sad events. Area under the curve (B= .12, p=.026) 
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of zygomaticus activity significantly predicted arousal scores, with maximum (B= -.07, p=.097) and 
mean (B= -.688.01, p=.07) zygomaticus activity marginally predicting arousal scores. As mean heart 
rate activity increased, arousal scores increased. As the variance in heart rate activity increased, 
arousal scores decreased. As overall zygomaticus activity increased, arousal scores increased, whereas 
as the maximum and average zygomaticus activity decreased, arousal scores increased for sad events.  
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APPENDIX N - MULTIVARIATE REGRESSION TABLES FOR SELF-REPORTED EMOTION PREDICTING 
PHYSIOLOGY, OVERALL AND THEN BY SONG TYPE 
 
Table N.1 
Model statistics for multivariate regression where self-reported emotion events predicted 
physiological activity 
Outcome variable F Df1 Df2 Sig ηp2 Variance 
explained (%) 
CORR Min 23.97 2 2184 <.001 .02 2.1 
Max 16.45 2 2184 <.001 .02 1.4 
Mean 32.52 2 2184 <.001 .03 2.8 
Integral 32.52 2 2184 <.001 .03 2.8 
PtoP 11.91 2 2184 <.001 .01 1.0 
Area 1.43 2 2184 .24 .001 0.0 
ZYG Min 40.79 2 2184 <.001 .04 3.5 
Max 28.28 2 2184 <.001 .03 2.4 
Mean 61.18 2 2184 <.001 .05 5.1 
Integral 60.18 2 2184 <.001 .05 5.1 
PtoP 23.04 2 2184 <.001 .02 2.0 
Area       
ECG Mean 9.99 2 2184 <.001 .009 0.8 
SD 2.65 2 2184 .071 .002 0.2 
EDA Sum 1.20 2 2184 .30 .001 0.0 
Phasic Max 5.35 2 2184 .005 .005 0.4 
Phasic Min 5.33 2 2184 .005 .005 0.4 
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Phasic Mean 6.04 2 2184 .002 .005 0.5 
 
 
 
 
 
 
 
 
 
 
 
Table N.2 
Results from multivariate regression of Valence predicting physiology 
Outcome variable B t Sig 
CORR Min -.14 -6.80 <.001 
Max -.12 -5.64 <.001 
Mean -.17 -8.05 <.001 
Integral -.17 -8.05 <.001 
PtoP -.10 -4.64 <.001 
Area -.02 -1.13 .26 
ZYG Min .15 7.38 <.001 
Max .14 6.75 <.001 
Mean .19 9.15 <.001 
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Integral .19 9.15 <.001 
PtoP .13 6.17 <.001 
Area    
ECG Mean -.07 -3.34 .001 
SD -.05 -2.21 .027 
EDA Total count .02 1.02 .31 
Phasic Max -.01 -0.93 .35 
Phasic Min -.04 -1.77 .077 
PhasicMean -.03 -1.35 .18 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table N.3 
Results from multivariate regression of Arousal predicting physiology 
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Outcome variable B t Sig 
CORR Min -.02 -1.13 .26 
Max .03 1.21 .23 
Mean .01 0.67 .51 
Integral .01 0.67 .51 
PtoP .04 1.63 .10 
Area .03 1.29 .20 
ZYG Min .10 5.02 <.001 
Max .07 3.15 .002 
Mean .12 5.82 <.001 
Integral .12 5.82 <.001 
PtoP .06 2.67 .008 
Area    
ECG Mean .07 3.05 .002 
SD .02 0.70 .49 
EDA Total count .02 1.14 .26 
Phasic Max .04 3.16 .002 
Phasic Min .06 2.79 .005 
PhasicMean .06 3.24 .001 
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Happy songs 
Table N.4 
Model statistics for multivariate regression where self-reported emotion events predicted 
physiological activity during happy songs 
Outcome variable F Df1 Df2 Sig ηp2 Variance 
explained (%) 
CORR Min 0.37 2 539 .69 .001 .02 
Max 0.22 2 539 .80 .001 .03 
Mean 0.34 2 539 .71 .001 .02 
Integral 0.34 2 539 .71 .001 .02 
PtoP 0.30 2 539 .74 .001 .03 
Area  2 539    
ZYG Min 19.46 2 539 <.001 .07 6.4 
Max 8.01 2 539 <.001 .03 2.5 
Mean 16.27 2 539 <.001 .06 5.3 
Integral 16.27 2 539 <.001 .06 5.3 
PtoP 6.03 2 539 .003 .02 1.8 
Area  2 539    
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ECG Mean 4.37 2 539 .013 .02 1.2 
SD 2.55 2 539 .079 .009 0.6 
EDA Sum 0.01 2 539 .99 .00 0.4 
Phasic Max 18.58 2 539 .016 .02 1.2 
Phasic Min 13.03 2 539 .001 .02 2.0 
Phasic Mean 15.99 2 539 .002 .02 1.9 
 
 
 
 
 
 
 
 
 
Table N.5 
Results from standardised multivariate regression of Valence predicting physiology during happy 
songs 
Outcome variable B t Sig 
CORR Min -.04 -0.47 .64 
Max .04 0.57 .57 
Mean -.04 -0.63 .53 
Integral -.04 -0.63 .53 
PtoP .05 0.75 .45 
Area    
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ZYG Min .39 4.07 <.001 
Max .32 3.29 .001 
Mean .46 4.23 <.001 
Integral .46 4.23 <.001 
PtoP .29 2.96 .003 
Area    
ECG Mean .22 2.75 .006 
SD .20 2.23 .026 
EDA Total count .006 0.08 .94 
Phasic Max -.11 -2.83 .005 
Phasic Min -.27 -3.64 <.001 
PhasicMean -.23 -3.52 <.001 
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Table N.6 
Results from multivariate regression of Arousal predicting physiology during happy songs 
Outcome variable B t Sig 
CORR Min -.03 -0.60 .55 
Max -.02 -0.46 .65 
Mean -.02 -0.37 .71 
Integral -.02 -0.37 .71 
PtoP -.02 -0.34 .74 
Area    
ZYG Min .23 3.65 <.001 
Max .09 1.45 .15 
Mean .19 2.74 .006 
Integral .19 2.74 .006 
PtoP .07 1.07 .29 
Area    
ECG Mean .02 0.42 .68 
SD -.008 -0.15 .88 
EDA Total count -.008 -0.16 .87 
Phasic Max .001 0.05 .96 
Phasic Min .05 0.99 .32 
PhasicMean .02 0.46 .65 
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Tender songs 
Table N.7 
Model statistics for multivariate regression where self-reported emotion events predicted 
physiological activity for tender songs 
Outcome variable F Df1 Df2 Sig ηp2 Variance 
explained (%) 
adjusted 
CORR Min 9.18 2 557 <.001 .03 2.8 
Max 6.17 2 557 .002 .02 1.8 
Mean 8.69 2 557 <.001 .03 2.7 
Integral 8.69 2 557 <.001 .03 2.7 
PtoP 3.92 2 557 .020 .01 1.0 
Area  2 557    
ZYG Min 9.57 2 557 <.001 .03 3.0 
Max 6.93 2 557 .001 .02 2.1 
Mean 12.38 2 557 <.001 .04 3.9 
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Integral 12.38 2 557 <.001 .04 3.9 
PtoP 5.84 2 557 .003 .02 1.7 
Area  2 557    
ECG Mean 4.48 2 557 .012 .02 1.2 
SD 1.53 2 557 .22 .005 0.2 
EDA Sum 0.88 2 557 .41 .003 0.0 
Phasic Max 13.37 2 557 <.001 .05 4.2 
Phasic Min 8.74 2 557 <.001 .03 2.7 
Phasic Mean 12.50 2 557 <.001 .04 4.0 
 
 
 
 
 
 
 
 
 
Table N.8 
Results from standardised multivariate regression of Valence predicting physiology for tender songs 
Outcome variable B t Sig 
CORR Min -.23 -4.23 <.001 
Max -.17 -3.51 <.001 
Mean -.19 -4.16 <.001 
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Integral -.19 -4.16 <.001 
PtoP -.14 -2.78 .006 
Area    
ZYG Min .28 4.35 <.001 
Max .24 3.56 <.001 
Mean .30 4.94 <.001 
Integral .30 4.94 <.001 
PtoP .22 3.20 .001 
Area    
ECG Mean -.13 -2.12 .035 
SD .10 1.52 .13 
EDA Total count .009 0.13 .89 
Phasic Max -.17 -5.14 <.001 
Phasic Min -.27 -4.17 <.001 
PhasicMean -.28 -4.97 <.001 
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Table N.9 
Results from multivariate regression of Arousal predicting physiology for tender songs 
Outcome variable B t Sig 
CORR Min -.02 -0.60 .55 
Max .007 0.21 .83 
Mean -.004 -0.14 .89 
Integral -.004 -0.14 .89 
PtoP .013 0.40 .69 
Area    
ZYG Min -.03 -0.58 .57 
Max .05 1.01 .31 
Mean .02 4.94 .64 
Integral .02 4.94 .64 
PtoP .05 1.13 .26 
Area    
ECG Mean -.09 -2.07 .039 
SD -.04 -0.90 .37 
EDA Total count -.06 -1.32 .19 
Phasic Max .01 0.64 .53 
Phasic Min .02 0.44 .66 
PhasicMean .02 0.63 .53 
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Tense Songs 
Table N.10 
Model statistics for multivariate regression where self-reported emotion events predicted 
physiological activity 
Outcome variable F Df1 Df2 Sig ηp2 Variance 
explained (%) 
CORR Min 5.25 2 538 .006 .019 1.6 
Max 0.28 2 538 .76 .001 0.3 
Mean 1.32 2 538 .27 .005 0.1 
Integral 1.32 2 538 .27 .005 0.1 
PtoP 0.02 2 538 .98 .000 0.4 
Area 0.35 2 538 .71 .001 0.2 
ZYG Min 8.01 2 538 <.001 .029 2.5 
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Max 2.58 2 538 .077 .010 0.6 
Mean 7.02 2 538 .001 .025 2.2 
Integral 7.02 2 538 .001 .025 2.2 
PtoP 1.75 2 538 .18 .006 0.3 
Area  2 538    
ECG Mean 7.01 2 538 .001 .025 2.2 
SD 3.77 2 538 .024 .014 1.0 
EDA Sum 10.17 2 538 <.001 .036 3.3 
Phasic Max 12.27 2 538 <.001 .044 4.0 
Phasic Min 4.41 2 538 .013 .016 1.2 
Phasic Mean 9.48 2 538 <.001 .034 3.0 
Table N.11 
Results from multivariate regression of Valence predicting physiology during tense songs 
Outcome variable B t Sig 
CORR Min .03 0.59 .55 
Max .02 0.29 .77 
Mean .01 0.19 .85 
Integral .01 0.19 .85 
PtoP .01 0.18 .86 
Area -.04 -0.37 .71 
ZYG Min -.17 -3.79 <.001 
Max -.10 -2.15 .032 
Mean -.13 -3.10 .002 
Integral -.13 -3.10 .002 
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PtoP -.08 -1.77 .078 
Area    
ECG Mean .05 0.85 .40 
SD -.05 -0.88 .38 
EDA Total count .24 4.12 <.001 
Phasic Max .13 3.63 <.001 
Phasic Min .09 1.24 .22 
PhasicMean .17 2.82 .005 
 
Table N.12 
Results from multivariate regression of Arousal predicting physiology during tense songs 
Outcome variable B t Sig 
CORR Min -.13 -3.18 .002 
Max -.03 -0.68 .50 
Mean -.07 -1.61 .11 
Integral -.07 -1.61 .11 
PtoP -.001 -0.12 .99 
Area .07 0.74 .46 
ZYG Min .04 1.23 .22 
Max .03 0.70 .49 
Mean .07 2.06 .040 
Integral .07 2.06 .040 
PtoP .02 0.58 .57 
Area    
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ECG Mean .16 3.66 <.001 
SD .11 2.59 .010 
EDA Total count .09 1.90 .058 
Phasic Max .10 3.43 .001 
Phasic Min .15 2.72 .007 
PhasicMean .16 3.36 .001 
 
Sad songs 
Table N.13 
Model statistics for multivariate regression where self-reported emotion events predicted 
physiological activity during sad songs 
Outcome variable F Df1 Df2 Sig ηp2 Variance explained 
(%) (adjusted) 
CORR Min 6.71 2 541 .001 .02 2.1 
Max 5.94 2 541 .003 .02 1.8 
Mean 11.57 2 541 <.001 .04 3.7 
Integral 11.57 2 541 <.001 .04 3.7 
PtoP 4.70 2 541 .009 .02 1.3 
Area  2 541    
ZYG Min 4.09 2 541 .017 .02 1.1 
Max 1.33 2 541 .27 .005 0.1 
Mean 7.48 2 541 .001 .03 2.3 
Integral 7.48 2 541 .001 .03 2.3 
PtoP 0.91 2 541 .40 .003 0.00 
Area  2 541    
477 
 
ECG Mean 14.70 2 541 <.001 .05 4.8 
SD 7.99 2 541 <.001 .03 2.5 
EDA Sum 1.00 2 541 .37 .004 0.00 
Phasic Max 3.30 2 541 .038 .01 0.8 
Phasic Min 1.77 2 541 .17 .007 0.3 
Phasic Mean 2.96 2 541 .053 .01 0.7 
Table N.14 
Results from standardised multivariate regression of Valence predicting physiology during sad songs 
Outcome variable B t Sig 
CORR Min -.09 -1.31 .19 
Max -.10 -1.38 .17 
Mean -.17 -2.22 .027 
Integral -.17 -2.22 .027 
PtoP -.09 -1.26 .21 
Area    
ZYG Min -.10 -2.32 .021 
Max -.07 -1.51 .13 
Mean -.12 -3.17 .002 
Integral -.12 -3.17 .002 
PtoP -.06 -1.28 .20 
Area    
ECG Mean -.30 -5.37 <.001 
SD -.21 -3.94 <.001 
EDA Total count -.008 -0.16 .88 
478 
 
Phasic Max .06 2.52 .012 
Phasic Min .07 1.55 .12 
PhasicMean .09 2.33 .020 
 
Table N.15 
Results from multivariate regression of Arousal predicting physiology during sad songs 
Outcome variable B t Sig 
CORR Min .21 3.33 .001 
Max .21 3.06 .002 
Mean .30 4.11 <.001 
Integral .30 4.11 <.001 
PtoP .19 2.71 .007 
Area    
ZYG Min .06 1.52 .13 
Max .02 0.50 .62 
Mean .07 2.01 .045 
Integral .07 2.01 .045 
PtoP .02 0.33 .74 
Area    
ECG Mean .02 0.38 .70 
SD -.05 -0.93 .35 
EDA Total count .07 1.39 .17 
Phasic Max .02 -.64 .53 
Phasic Min .05 1.17 .24 
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PhasicMean .03 0.84 .40 
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APPENDIX O - EXAMINING SELF-REPORTED EMOTIONAL EVENT TYPE PREDICTING PHYSIOLOGY,  
BASED ON EMOTIONAL EVENT TYPE 
 
Happy events, N=724 
For happy events, results showed (Table O.1) self-reported scores significantly predicted all 
zygomaticus activity, corrugator activity (excluding the range) and skin conductance activity (excluding 
minimum activity). Self-reported scores did not predict heart rate activity.  
 
Valence scores significantly predicted physiology (pTV=.08, F(12,710)=4.76, p<.001, ηp2= .08) whereas 
arousal scores did not significantly predict physiology for happy events (pTV=.02, F(12,710)=1.05, 
p=.40, ηp2= .02). 
 
Valence scores (Table O.2) significantly predicted facial EMG activity, showing as valence scores 
increased, corrugator activity decreased whereas zygomaticus activity increased. Valence scores also 
predicted EDA activity, showing as valence scores became more positive, skin conductance activity 
decreased. Arousal scores also predicted facial EMG activity, predicting corrugator activity with 
marginal significance but significantly predicting zygomaticus activity, and predicting EDA activity with 
marginal significance. As arousal scores increased, corrugator, zygomaticus and skin conductance 
activity all increased.  
 
Tender events; N=561 
For tender events, results showed (Table O.3) self-reported scores significantly predicted all 
zygomaticus activity, corrugator activity (excluding the minimum and range), heart rate activity and 
maximum and mean skin conductance activity.  
 
Valence scores significantly predicted physiology (pTV=.09, F(12,547)=4.56, p<.001, ηp2= .09) as did 
arousal scores for tender events (pTV=.04, F(12,547)=1.97, p=.025, ηp2= .04). 
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Valence scores (Table O.4) significantly predicted facial EMG activity, variance in heart rate activity 
and predicted EDA maximum and mean activity with marginal significance. Results showed as valence 
scores became more positive, all zygomaticus activity increased and heart rate variance increased, 
whereas all corrugator activity decreased and skin conductance activity decreased. In contrast arousal 
scores did not predict any corrugator activity. However they did predict zygomaticus activity 
(excluding minimum), mean heart rate activity and maximum and mean phasic EDA activity. Results 
showed as arousal scores lowered for tender events, zygomaticus and skin conductance activity 
decreased, whereas mean heart rate increased.  
 
Tense events; N=499 
For tense events, results showed (Table O.5) self-reported scores significantly predicted all 
zygomaticus activity, all corrugator activity (excluding the area, with range marginally significant), 
mean heart rate and total number of SCRs.  Valence scores significantly predicted physiology (pTV=.09, 
F(13,484)=3.60, p<.001, ηp2= .09) as did arousal scores for tense events (pTV=.06, F(13,484)=2.48, 
p=.003, ηp2= .06). 
 
Valence scores (Table O.6) significantly predicted all facial EMG activity (excluding area under the 
curve), mean heart rate activity and predicted total number of SCRs with marginal significance. Results 
showed as valence scores became more negative, corrugator, zygomaticus and heart rate activity all 
increase, whereas surprisingly total number of SCRs decrease. In contrast arousal scores did not 
predict any zygomaticus or heart rate activity, and only significantly predicted minimum corrugator 
activity. However arousal scores did significantly predict total number of SCRs for tense events. 
Surprisingly, as arousal increased, total number of SCRs decreased, along with decreasing minimum 
corrugator activity.  
 
Sad events; N=403 
For sad events, results showed (Table O.7) self-reported scores significantly predicted minimum and 
average zygomaticus activity, all heart rate activity and with marginal significance maximum and mean 
phasic EDA activity. No corrugator activity was significantly predicted.   
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Valence scores significantly predicted physiology (pTV=.07, F(12,389)=2.37, p=.006, ηp2= .07) whereas 
arousal scores only predicted physiology with marginal significance for sad events (pTV=.05, 
F(12,389)=1.62, p=.08, ηp2= .05). 
 
Valence scores (Table O.8) significantly predicted minimum and average facial EMG activity, for both 
corrugator and zygomaticus and mean and standard deviation of heart rate activity. Valence scores 
did not significantly predict EDA for sad events. Results showed as valence scores became more 
negative, corrugator, zygomaticus and heart rate activity all increased. Arousal scores did not predict 
any facial EMG activity but did significantly predict both types of heart rate activity, mean phasic EDA 
activity and with marginal significance predicted maximum and minimum phasic EDA activity. Results 
showed as arousal scores lowered for sad events, skin conductance activity and mean heart rate 
decreased, whereas variance in heart rate increased.  
 
 
 
Table O.1 
Model  results for self-reported emotion predicting combined physiological activity, for happy events 
Outcome variable F Df1 Df2 Sig Variance explained (%) (adjusted) 
CORR Min 5.34 2 721 .005 1.2 
Max 2.68 2 721 .07 0.5 
Mean 5.93 2 721 .003 1.3 
Integral 5.93 2 721 .003 1.3 
PtoP 1.67 2 721 .19 0.2 
Area  2 721   
ZYG Min 17.11 2 721 <.001 4.3 
Max 13.34 2 721 <.001 3.3 
Mean 19.94 2 721 <.001 5.0 
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Integral 19.94 2 721 <.001 5.0 
PtoP 11.20 2 721 <.001 2.7 
Area  2 721   
ECG Mean 0.33 2 721 .72 0.2 
SD 1.65 2 721 .19 0.2 
EDA Sum 3.67 2 721 .026 0.7 
Phasic Max 4.45 2 721 .012 0.9 
Phasic Min 1.86 2 721 .16 0.2 
Phasic Mean 3.69 2 721 .026 0.7 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table O.2 
Regression results for valence then arousal predicting each physiological measure, for happy  
events 
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Outcome variable Valence scores Arousal scores 
B t sig B t sig 
CORR Min -.24 3.13 .002 .09 1.41 .16 
Max -.12 1.70 .09 .11 1.81 .07 
Mean -.20 3.16 .002 .10 1.85 .07 
Integral -.20 3.16 .002 .10 1.85 .07 
PtoP -.08 1.07 .29 .10 1.63 .10 
Area       
ZYG Min .48 5.30 <.001 .13 1.63 .10 
Max .39 4.34 <.001 .16 2.11 .035 
Mean .56 5.64 <.001 .17 1.94 .053 
Integral .56 5.64 <.001 .17 1.94 .053 
PtoP .35 3.91 <.001 .16 2.03 .043 
Area       
ECG Mean -.06 0.75 .46 .03 0.42 .67 
SD .15 1.72 .09 .02 0.31 .76 
EDA Sum -.23 2.70 .007 .02 0.26 .79 
Phasic Max -.10 2.56 .011 .07 1.92 .056 
Phasic Min -.13 1.76 .08 .07 1.05 .29 
Phasic Mean -.15 2.37 .018 .09 1.68 .09 
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Tender events, N= 561.  
Table O.3 
Model  results for self-reported emotion predicting combined physiological activity, for 
tender events 
Outcome variable F Df1 Df2 Sig Variance 
explained (%) 
(adjusted) 
CORR Min 2.32 2 558 .10 0.5 
Max 2.47 2 558 .09 0.5 
Mean 4.50 2 558 .011 1.2 
Integral 4.50 2 558 .011 1.2 
PtoP 1.83 2 558 .16 0.3 
Area  2 558   
ZYG Min 12.62 2 558 <.001 4.0 
Max 11.75 2 558 <.001 3.7 
Mean 20.42 2 558 <.001 6.5 
Integral 20.42 2 558 <.001 6.5 
PtoP 10.00 2 558 <.001 3.1 
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Area  2 558   
ECG Mean 2.57 2 558 .08 0.6 
SD 4.20 2 558 .015 1.1 
EDA Sum 0.08 2 558 .93 0.3 
Phasic Max 5.39 2 558 .005 1.5 
Phasic Min 2.02 2 558 .13 0.4 
Phasic Mean 4.74 2 558 .009 1.3 
 
 
 
 
 
 
 
 
 
 
Table O.4 
Regression results for valence then arousal predicting each physiological measure, for tender 
events 
Outcome variable Valence scores Arousal scores 
B t sig B t sig 
CORR Min -.17 2.15 .032 -.04 0.58 .56 
Max -.18 2.22 .027 -.02 -.33 .75 
Mean -.20 2.97 .003 -.06 1.01 .31 
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Integral -.20 2.97 .003 -.06 1.01 .31 
PtoP -.15 1.91 .06 -.02 0.22 .83 
Area       
ZYG Min .47 5.02 <.001 .09 1.10 .27 
Max .46 4.69 <.001 .18 2.14 .033 
Mean .57 6.31 <.001 .17 2.22 .027 
Integral .57 6.31 <.001 .17 2.22 .027 
PtoP .42 4.28 <.001 .18 2.11 .036 
Area       
ECG Mean -.10 1.08 .28 -.17 2.16 .031 
SD .26 2.73 .006 .12 1.49 .14 
EDA Sum -.03 0.35 .73 -.02 0.24 .81 
Phasic Max -.09 1.88 .061 .10 2.27 .024 
Phasic Min -.09 1.19 .23 .08 1.35 .18 
Phasic Mean -.13 1.77 .08 .13 2.13 .034 
 
 
 
 
Tense events 
Table O.5 
Model  results for self-reported emotion predicting combined physiological activity, for 
tense events 
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Outcome variable F Df1 Df2 Sig Variance 
explained (%) 
(adjusted) 
CORR Min 10.77 2 496 <.001 3.8 
Max 3.98 2 496 .019 1.2 
Mean 9.13 2 496 <.001 3.2 
Integral 9.13 2 496 <.001 3.2 
PtoP 2.64 2 496 .072 0.7 
Area 0.24 2 496 .79 0.3 
ZYG Min 7.23 2 496 .001 2.4 
Max 4.60 2 496 .010 1.4 
Mean 10.48 2 496 <.001 3.7 
Integral 10.48 2 496 <.001 3.7 
PtoP 3.58 2 496 .029 1.0 
Area  2 496   
ECG Mean 5.83 2 496 .003 1.9 
SD 1.31 2 496 .27 0.1 
EDA Sum 4.10 2 496 .017 1.2 
Phasic Max 1.45 2 496 .24 0.2 
Phasic Min 0.81 2 496 .45 0.1 
Phasic Mean 1.32 2 496 .27 0.1 
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Table O.6 
Regression results for valence then arousal predicting each physiological measure, for tense  
events 
Outcome variable Valence scores Arousal scores 
B t sig B t sig 
CORR Min -.39 3.51 <.001 -.31 3.14 .002 
Max -.32 2.73 .006 -.08 0.77 .44 
Mean -.56 4.13 <.001 -.15 1.23 .22 
Integral -.56 4.13 <.001 -.15 1.23 .22 
PtoP -.26 2.30 .022 -.01 0.12 .90 
Area .08 0.43 .67 .09 0.55 .59 
ZYG Min -.30 3.80 <.001 .001 0.02 .99 
Max -.23 3.03 .003 -.02 0.31 .76 
Mean -.32 4.52 <.001 .04 0.59 .56 
Integral -.32 4.52 <.001 .04 0.59 .56 
PtoP -.21 2.66 .008 -.02 0.33 .75 
Area       
ECG Mean -.29 3.06 .002 .12 1.43 .15 
SD -.11 1.21 .23 .09 1.04 .30 
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EDA Sum .15 1.76 .079 .18 2.31 .021 
Phasic Max .06 0.98 .33 .07 1.42 .16 
Phasic Min .06 0.44 .66 .14 1.21 .23 
Phasic Mean .08 0.74 .46 .14 1.47 .14 
 
 
 
 
 
 
 
 
 
 
 
 
Sad events 
Table O.7 
Model  results for self-reported emotion predicting combined physiological activity, for 
sad events 
Outcome variable F Df1 Df2 Sig Variance 
explained (%) 
(adjusted) 
CORR Min  1.92 2 400 .15 0.5 
Max  1.37 2 400 .26 0.2 
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Mean 1.93 2 400 .15 0.5 
Integral 1.93 2 400 .15 0.5 
PtoP 1.27 2 400 .31 0.1 
Area  2 400   
ZYG Min      4.22 2 400 .015 1.6 
Max     0.98 2 400 .38 0.0 
Mean    3.87 2 400 .022 1.4 
Integral      3.87 2 400 .022 1.4 
PtoP       0.85 2 400 .43 0.1 
Area  2 400   
ECG Mean     9.38 2 400 <.001 4.0 
SD        6.08 2 400 .002 2.5 
EDA Sum 0.26 2 400 .77 0.4 
Phasic Max 2.42 2 400 .09 0.7 
Phasic Min 1.79 2 400 .17 0.4 
Phasic Mean 2.54 2 400 .08 0.8 
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Table O.8 
Regression results for valence then arousal predicting each physiological measure, for sad 
events 
Outcome variable Valence scores Arousal scores 
B t sig B t sig 
CORR Min -.17 1.84 .07 .12 1.21 .23 
Max -.16 1.50 .14 -.02 0.21 .83 
Mean -.17 1.96 .051 .04 0.47 .64 
Integral -.17 1.96 .051 .04 0.47 .64 
PtoP -.13 1.24 .22 -.06 0.48 .63 
Area       
ZYG Min -.19 2.78 .006 .12 1.66 .10 
Max -.09 1.06 .29 -.05 0.54 .59 
Mean -.16 2.77 .006 .07 1.08 .28 
Integral -.16 2.77 .006 .07 1.08 .28 
PtoP -.07 0.81 .42 -.07 .71 .48 
Area       
ECG Mean -.42 4.11 <.001 .28 2.57 .011 
SD -.22 2.23 .026 -.20 1.87 .06 
EDA Sum .06 0.69 .49 -.04 0.38 .70 
Phasic Max .03 0.57 .57 .09 1.95 .07 
Phasic Min -.003 0.04 .97 .16 1.81 .07 
Phasic Mean .02 0.31 .75 .17 2.03 .043 
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APPENDIX P - MULTIVARIATE STATISTICS TABLES FOR SELF-REPORTED EMOTION PREDICTING 
PHYSIOLOGY, OVERALL AND BY SONG TYPE 
 
trace=0.63, F(9,19)=3.60,p=.009, ηp2 = .63, power=.93 
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Table P.1 
Multivariate model results for valence then arousal predicting combined physiological activity, 
overall and then for each song type 
Predictor Song 
Type 
Pillai’s 
trace 
F Df1 Df2 sig ηp2  
Valence Overall .08 14.93 13 2172 <.001 .08 
Happy .08 3.57 12 528 <.001 .08 
Tender .12 6.02 12 546 <.001 .12 
Tense .08 3.47 13 526 <.001 .08 
Sad .09 4.60 12 530 <.001 .09 
Arousal Overall .03 5.11 13 2172 <.001 .03 
Happy .03 1.57 12 528 .097 .03 
Tender .02 0.97 12 546 .48 .02 
Tense .10 4.61 13 526 <.001 .10 
Sad .04 1.99 12 530 .023 .04 
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APPENDIX Q – MULTIVARIATE STATISTICS TABLES FOR PHYSIOLOGY PREDICTING SELF-REPORTED 
EMOTION, OVERALL AND BY SONG TYPE 
 
Table Q.1 
Significant multivariate statistical results for each physiological measure predicting self-reported 
emotion, then broken down by each song type 
Predictor variable Song type Roy’s Largest Root F Df1 Df2 Sig 
ECG Mean Overall .006 6.08 2 2170 .002 
Happy .013 3.38 2 526 .035 
Tender .02 5.42 2 544 .005 
Tense .026 6.78 2 524 .001 
Sad .026 6.93 2 527 .001 
SD Overall .005 5.39 2 2170 .005 
Happy .013 3.44 2 256 .033 
Tender .01 3.10 2 544 .046 
Sad .029 7.73 2 527 <.001 
EDA Total 
count 
Overall .002 2.56 2 2170 .078 
Tense .017 4.42 2 524 .012 
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Table Q.2 
Multivariate statistical results for each physiological measure predicting self-reported emotion, then broken down by 
each song type 
Predictor variable Song type Roy’s Largest 
Root 
F Df1 Df2 Sig 
ECG Mean Overall .006 6.08 2 2170 .002 
Happy .013 3.38 2 526 .035 
Tender .02 5.42 2 544 .005 
Tense .026 6.78 2 524 .001 
Sad .026 6.93 2 527 .001 
SD Overall .005 5.39 2 2170 .005 
Happy .013 3.44 2 256 .033 
Tender .01 3.10 2 544 .046 
Tense .001 0.34 2 524 .72 
Sad .029 7.73 2 527 <.001 
EDA Total count Overall .002 2.56 2 2170 .078 
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Happy .006 .169 2 526 .19 
Tender .003 0.84 2 544 .43 
Tense .017 4.42 2 524 .012 
Sad .002 0.64 2 527 .53 
Phasic Max Overall 0.00 0.30 2 2170 .75 
Happy .001 0.37 2 526 .69 
Tender .002 0.49 2 544 .61 
Tense .003 0.84 2 524 .43 
Sad .002 0.46 2 527 .64 
Phasic Min Overall 0.00 0.12 2 2170 .89 
Happy .002 .42 2 526 .66 
Tender .002 0.63 2 544 .53 
Tense .001 0.23 2 524 .80 
Sad .00 0.01 2 527 1.00 
PhasicMean Overall 0.00 0.06 2 2170 .95 
Happy .002 .42 2 526 .66 
Tender .002 0.56 2 544 .57 
Tense .001 0.26 2 524 .77 
Sad .001 0.14 2 527 .87 
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APPENDIX R - MODERATION ANALYSES: TABLES SHOWING BENJAMINI-HOCHBERG CORRECTIONS 
FOR PHYSIOLOGY PREDICTING SELF-REPORTED EMOTIONS, OVERALL AND BY SONG TYPE 
 
Physiology predicting self-reported emotion overall, then by song types, moderated by 
interoception 
Table R.1 
Significant and marginally significant results from moderation analyses before correction for the four 
interoception measures interacting with physiological predictor variables predicting self-reported 
emotion, showing adjusted critical p-value cut-offs following Benjamini-Hochberg corrections, for 
overall data averaged by participant. 
Interoception measures Correct
ed 
critical 
value 
cut-off 
((i/m)*.
2) 
Rank 
(i) Interoceptive 
accuracy 
Response to 
negative signals 
BPQ Interoceptive 
integration 
IV DV p-
valu
e 
IV DV p-
valu
e 
IV DV p-
valu
e 
IV DV p-
valu
e 
Zyg 
Min 
V .06
2 
Corr 
Area 
V .012 EDA 
Sum 
A .007 EDA 
Sum 
A .007 .005 1 
EDA  
Sum 
V .09
9 
Corr 
Min 
V .022 Corr 
PtoP 
A .024 Zyg 
Min 
A .03 .01 2 
   Corr 
Mea
n 
 
V .052 Zyg 
Min 
A .036    .015 3 
   Corr 
Integ
ral 
V .052 Zyg 
Area 
A .05    .02 4 
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   Corr 
Max 
V .071 Corr 
Area 
A .057    .025 5 
Notes. DV V=valence, DV A=arousal; based upon 40 tests (m=40). * denotes significance after correction 
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Table R.2 
Significant and marginally significant results from moderation analyses before correction for the four 
interoception measures interacting with physiological predictor variables predicting self-reported 
emotion by song type, showing adjusted critical p-value cut-offs following Benjamini-Hochberg 
corrections. 
Happy Songs 
Interoception measures Correct
ed 
critical 
value 
cut-off 
((i/m)*.
2) 
Ran
k 
(i) 
Interoceptive 
accuracy 
Response to 
negative signals 
BPQ Interoceptive 
integration 
IV DV p-
valu
e 
IV DV p-
value 
IV D
V 
p-
valu
e 
IV DV p-
valu
e 
Corr 
Area 
V .01 - - - Corr 
mean 
A .027 Corr 
Mean 
A .005
* 
.005 1 
EDA 
Sum 
V .023    Corr 
Integr
al 
A .027 Corr 
Integra
l 
A .005
* 
.01 2 
Corr 
Min 
A .027    Corr 
Max 
A .036 Corr 
Min 
A .022 .015 3 
Corr 
Mea
n 
A .077    Corr 
Area 
A .043 Corr 
Max 
A .054 .02 4 
Corr 
Integ
ral 
A .077    Corr 
PtoP 
A .051    .025 5 
ECD 
SD 
A .097          .03 6 
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Tender songs 
Interoception measures Correct
ed 
critical 
value 
cut-off 
((i/m)*.
2) 
Ran
k 
(i) 
Interoceptive 
accuracy 
Response to 
negative signals 
BPQ Interoceptive 
integration 
IV DV p-
valu
e 
IV DV p-
value 
IV D
V 
p-
valu
e 
IV DV p-
valu
e 
Corr 
PtoP 
V .054 Corr 
Area 
V .035 EDA 
Sum 
A .069 Zyg 
Min 
A .007
* 
.005 1 
Corr 
Max 
V .059 EDA 
Sum 
V .088    EDA 
Min 
A .008
* 
.01 2 
         EDA 
Sum 
V .008
* 
.015 3 
         Zyg 
Mean 
A .011
* 
.02 4 
         Zyg 
Integra
l 
A .011
* 
.025 5 
         EDA 
Mean 
A .011
* 
.03 6 
         EDA 
Max 
A .02* .035 7 
         ECG SD A .045 .04 8 
         Corr 
Min 
A .062 .045 9 
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         Corr 
Area 
A .093 .05 10 
Tense songs 
Interoception measures Correct
ed 
critical 
value 
cut-off 
((i/m)*.
2) 
Ran
k 
(i) 
Interoceptive 
accuracy 
Response to 
negative signals 
BPQ Interoceptive 
integration 
IV DV p-
valu
e 
IV DV p-
value 
IV D
V 
p-
valu
e 
IV DV p-
valu
e 
Zyg 
Mea
n 
V .013 EDA 
Min 
V .01 Corr 
PtoP 
V .005
* 
Zyg 
PtoP 
A .011 .005 1 
Zyg 
Integ
ral 
V .013 EDA 
Mea
n 
V .022 Corr 
Max 
V .015
* 
Zyg 
Max 
A .017 .01 2 
Zyg 
Min 
V .068 EDA 
Max 
V .04 Corr 
Area 
A .052 ECG 
SD 
A .022 .015 3 
Zyg 
Max 
V .068    Corr 
Mean 
A .067 ECG SD V .061 .02 4 
Zyg  
Area 
V .075    Corr 
Integr
al 
A .067 EDA 
Sum 
A .065 .025 5 
EDA 
Min 
V .08    Corr 
Area 
V .069    .03 6 
      Zyg 
Mean 
A .088    .035 7 
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      Zyg 
Integr
al 
A .088    .04 8 
Sad songs 
Interoception measures Correct
ed 
critical 
value 
cut-off 
((i/m)*.
2) 
Ran
k 
(i) 
Interoceptive 
accuracy 
Response to 
negative signals 
BPQ Interoceptive 
integration 
IV DV p-
valu
e 
IV DV p-
value 
IV D
V 
p-
valu
e 
IV DV p-
valu
e 
Corr 
Mea
n 
V .052 Corr 
Max 
A .059 Zyg 
PtoP 
A .044 ECG 
SD 
A .062 .005 1 
Corr  
Integ
ral 
V .052 Corr 
Min 
V .076 Zyg 
Area 
A .052 Zyg 
PtoP 
A .073 .01 2 
Zyg 
Min 
V .069 Corr 
Mea
n 
A .082       .015 3 
Corr 
Area 
V .077 Corr 
Inte
gral 
A .082       .02 4 
Notes. DV V=valence, DV A=arousal; based upon 40 tests (m=40). * denotes significance after correction 
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APPENDIX S – MODERATION ANALYSES: TABLES SHOWING BENJAMINI-HOCHBERG CORRECTIONS FOR 
PHYSIOLOGY PREDICTING SELF-REPORTED EMOTIONS, BY EMOTIONAL EVENT TYPE, MODERATED BY 
INTEROCEPTION 
 
 
Table S.1 
Significant and marginally significant results from moderation analyses before correction for the four 
interoception measures interacting with physiological predictor variables predicting self-reported emotion 
by emotional event type, showing adjusted critical p-value cut-offs following Benjamini-Hochberg 
corrections. 
Happy events 
Interoception measures Corrected 
critical 
value cut-
off 
((i/m)*.2) 
Rank 
(i) Interoceptive 
accuracy 
Response to 
negative signals 
BPQ Interoceptive 
integration 
IV DV p-
value 
IV D
V 
p-
value 
IV DV p-
value 
IV DV p-
value 
  
Cor
r 
Are
a 
V .007 - - - Zyg 
PtoP 
V .029 Zyg 
Min 
V .016 .005 1 
ED
A 
Su
m 
V .036    Zyg 
Max 
A .039 EDA 
Sum 
A .026 .01 2 
ED
A 
Su
m 
A .078    Zyg 
PtoP 
A .044 Zyg 
Mean 
V .04 .015 3 
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Cor
r 
Are
a 
A .089    Zyg 
Max 
V .045 Zyg 
Integr
al 
V .04 .02 4 
Zyg 
Pto
P 
A .089    Zyg 
Mean 
A .048 ECG 
SD 
V .066 .025 5 
      Zyg 
Integr
al 
A .048    .03 6 
      ECG 
SD 
A .07    .035 7 
      Zyg 
Area 
V .08    .04 8 
Tender events 
Interoception measures Corrected 
critical 
value cut-
off 
((i/m)*.2) 
Rank 
(i) Interoceptive 
accuracy 
Response to 
negative signals 
BPQ Interoceptive 
integration 
IV DV p-
value 
IV D
V 
p-
value 
IV DV p-
value 
IV DV p-
value 
ED
A 
Su
m 
A .001
* 
ED
A 
Mi
n 
A .01 EDA 
Sum 
A .042 Zyg 
Mean 
A .004
* 
.005 1 
ED
A 
Su
m 
V .009
* 
ED
A 
Me
an 
A .04 Zyg 
Area 
V .044 Zyg 
Integr
al 
A .004
* 
.01 2 
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ED
A 
Mi
n 
V .036 Cor
r 
Are
a 
V .048 Zyg 
Mean 
V .057 Zyg 
Min 
A .029 .015 3 
Cor
r 
Ma
x 
A .038 Zyg 
Mi
n 
A .053 Zyg 
Integr
al 
V .057 Zyg 
Max 
A .043 .02 4 
Cor
r 
Me
an 
A .06 Zyg 
Me
an 
A .073 ECG 
Mean 
V .061 Corr 
Min 
A .047 .025 5 
Cor
r 
Int
egr
al 
A .06 Zyg 
Int
egr
al 
A .073 Zyg 
Max 
V .086 EDA 
Max 
A .051 .03 6 
Cor
r 
Pto
P 
A .071 ED
A 
Ma
x 
A .086 ECG 
SD 
V .088 Corr 
Mean 
A .055 .035 7 
ED
A 
Mi
n 
A .079       Corr 
Integr
al 
A .055 .04 8 
         EDA 
Sum 
V .077 .045 9 
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Tense events 
Interoception measures Correcte
d critical 
value 
cut-off 
((i/m)*.2
) 
Rank 
(i) Interoceptive 
accuracy 
Response to 
negative signals 
BPQ Interoceptive 
integration 
IV DV p-
value 
IV D
V 
p-
value 
IV DV p-
value 
IV DV p-
value 
ED
A 
Mi
n 
V .008 - - - Zyg 
Mean 
A .011 Zyg 
Max 
A .004
* 
.005 1 
ED
A 
Mi
n 
A .032    Zyg 
Integr
al 
A .011 Zyg 
PtoP 
A .006
* 
.01 2 
ED
A 
Me
an 
V .047    Zyg 
Max 
A .03 Zyg 
Mean 
A .029 .015 3 
ED
A 
Me
an 
A .073    EDA 
Sum 
A .031 Zyg 
Integr
al 
A .029 .02 4 
      Zyg 
Min 
A .047 ECG 
Mean 
V .039 .025 5 
      Zyg 
PtoP 
A .065 EDA 
Sum 
V .041 .03 6 
         Corr 
PtoP 
A .056 .035 7 
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         Corr 
Max 
A .062 .04 8 
         EDA 
Sum 
A .078 .045 9 
            .05 10 
              
Sad events 
Interoception measures Correcte
d critical 
value 
cut-off 
((i/m)*.2
) 
Rank 
(i) Interoceptive 
accuracy 
Response to 
negative signals 
BPQ Interoceptive 
integration 
IV DV p-
value 
IV D
V 
p-
value 
IV DV p-
value 
IV DV p-
value 
Cor
r 
Me
an 
V .094 ED
A 
Su
m 
A .055 - - - Corr 
Area 
V .069 .005 1 
Notes. DV V=valence, DV A=arousal; based upon 40 tests (m=40). * denotes significance after correction 
 
 
 
APPENDIX T - EXAMINING PHYSIOLOGY PREDICTING SELF-REPORTED EMOTIONAL EVENT TYPE, AS 
MODERATED BY INTEROCEPTION 
 
Happy events 
For interoceptive accuracy, there were no significant moderation effects following correction. 
However results suggested interoceptive accuracy interacted with physiology (corrugator and EDA) in 
predicting valence scores primarily, as well as arousal scores less strongly (EDA, corrugator, 
zygomaticus).  
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Response to negative signals showed no role in moderating the relationship between physiology and 
self-reported emotion for happy events.  
 
For BPQ analyses, there were no significant moderation effects following correction for happy events. 
However results suggested zygomaticus activity predicting valence and arousal scores was moderated 
to some extent by BPQ, along with heart rate variance marginally moderated when predicting arousal.  
 
Results showed no significant moderation effects following corrections for interoceptive integration. 
General pattern of results showed the relationships between various measures of zygomaticus activity 
predicting valence scores was moderated to some extent by interoceptive integration, and marginally 
moderating the relationship between variance in heart rate predicting valence. Total number of SCRs 
predicting arousal scores was also influenced by interoceptive integration.  
 
Tender events 
Interoceptive accuracy significantly moderated the relationship between total number of SCRS 
predicting arousal (p=.001) and valence (p=.009) for tender songs, following corrections. Pattern of 
results also suggested interoceptive accuracy moderated the relationship between EDA minimum 
activity predicting valence scores, and between corrugator activity predicting arousal scores, albeit 
these were not significant following correction. EDA minimum activity predicting arousal was also 
marginally moderated by interoceptive accuracy. Follow up analyses showed for those high on 
interoceptive accuracy, as total number of SCRs increased, arousal decreased, becoming more 
negative (Fig 12). In contrast for those low on interoceptive accuracy, as total number of SCRs 
increased, arousal increased, becoming less negative. For those middling on interoceptive accuracy, 
the slope was close to flat, showing a slight increase in arousal scores as total SCRs increased, in the 
same direction as those low on interoceptive accuracy. Results are in the opposite direction as would 
be expected, as tender events are characterised by positive valence and decreased arousal. Results 
show those low and middling on interoceptive accuracy correctly identify decreasing physiological 
arousal with decreased self-reported arousal, reflecting increased tenderness, in contrast to those 
with high interoceptive accuracy. Results may indicate those high on interoceptive accuracy may 
attend to valence more strongly to identify feelings of increasing tenderness, with increased arousal 
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simply reflecting increased feelings. Alternatively, results could suggest that those low and middling 
on interoceptive accuracy are better at using physiological cues of arousal to identify changes in self-
reported arousal for tender events.  
 
Results also showed for those with high interoceptive accuracy, as total number of SCRs increased, 
valence scores became more positive (Fig T.1). In contrast for those with low interoceptive accuracy, 
as total number of SCRs increased, valence scores became less positive, whereas the slope for valence 
scores was flat as SCRs increased for those mid on interoceptive accuracy. These results, combined 
with previous results of total number of SCRs influencing arousal scores suggest the former suggestion 
above. That is those with high interoceptive accuracy use increased physiological arousal cues to 
identify increasing emotion, in this case tenderness, as here positive valence increases with increasing 
number of SCRs, suggesting increased tenderness. Number of SCRs are used as indicators of attention 
and response to events, so results here could reflect this. Alternatively results could suggest a move 
from tender feelings to happy feelings, therefore correctly identifying increased physiological arousal 
as increased positive valence and high arousal, meaning increased happiness rather than tenderness. 
That those low on interoceptive accuracy perceive increased SCRs in terms of increased arousal and 
negative valence suggest SCR activity here is not reflecting increased tenderness, but instead 
increasing negative, tense emotion. Alternatively, tender events are often characterised by nostalgia, 
a mixed emotion, meaning results could also suggest that those low on interoceptive accuracy 
experience increased physiological arousal as a change in valence state, in line with previous results. 
Therefore results here could show those low on interoceptive accuracy use increased EDA activity to 
identify a move towards the sad aspect of nostalgic tenderness, using EDA to identify a move towards 
negative valence, and reporting that as arousing in terms of discomfort at feeling sad, or reflecting 
misery rather than sadness. As total number of SCRs can reflect various processes, not just 
physiological emotional arousal, it appears increased SCR activity here is perceived and identified by 
participants, irrespective of interoceptive accuracy levels, as indicating a change in general emotional 
state in response to stimuli, rather than a change in emotional arousal levels specifically.  
 
 
For response to negative signals, there were no significant moderation effects following correction. 
However results suggested EDA and zygomaticus activity predicting arousal scores was moderated by 
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response to negative signals before corrections for tender events, along with moderating corrugator 
activity (area under the curve) predicting valence scores. 
 
For BPQ analyses, there were no significant moderation effects following correction for tender events. 
However pre-correction results suggested zygomaticus and heart rate activity predicting valence 
scores was moderated by BPQ, along with total number of SCRs predicting arousal scores for tender 
events.  
 
Results showed following correction interoceptive integration significantly moderated the 
relationships between various measures of zygomaticus activity in predicting arousal scores for tender 
events (mean zygomaticus: p=.004; integral zygomaticus: p=.004). Whilst not significant following 
corrections, general pattern of results showed physiological activity (zygomaticus, corrugator and 
EDA) predicting arousal scores was influenced by interoceptive integration for tender events. Total 
number of SCRs predicting valence was marginally moderated by interoceptive integration. Follow up 
analyses showed as zygomaticus activity (mean (Figure T.3) and integral (Figure T.4)) increased for 
those with high interoceptive integration, arousal scores decreased. In contrast those mid and low on 
interoceptive integration showed as zygomaticus activity increased, arousal also increased, with a 
steeper slope for low interoceptive integration. Results are interpreted as for those high on 
interoceptive integration, as zygomaticus activity increases to reflect increasingly positive valence of 
tender events, there is a drop in arousal scores that reflects a move into the tender emotion quadrant 
of the 2D emotion space, with tenderness also characterised by low arousal. In contrast those with 
low and middling interoceptive integration misidentify a change in physiological cues of increasing 
valence as a change in arousal levels, and report subjective emotional changes to reflect this.  
 
 
Tense events 
For interoceptive accuracy, there were no significant moderation effects following correction. 
However results suggested before correction that interoceptive accuracy moderated the 
relationships between EDA activity predicting both valence and arousal scores.  
Response to negative signals showed no role in moderating the relationship between physiology and 
self-reported emotion for tense events.  
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For BPQ analyses, whilst there were no significant moderation effects following corrections, results 
suggested zygomaticus activity predicting arousal scores was moderated to some extent by BPQ, along 
with the relationship where total number of SCRs predicted arousal.  
 
Results showed following correction interoceptive integration significantly moderated the 
relationships between zygomaticus activity in predicting arousal scores for tense events (maximum 
zygomaticus activity: p=.004; PtoP zygomaticus: p=.006). Whilst not significant following corrections, 
general pattern of results showed physiological activity (zygomaticus, corrugator and EDA) predicting 
arousal scores was influenced by interoceptive integration for tense events. Mean heart rate and total 
number of SCRs predicting valence were also influenced by interoceptive integration for tense events. 
Follow up analyses showed for those high on interoceptive integration, as zygomaticus activity 
(maximum (Figure T.5) and range (peak to peak) (Figure T.6)) increased for tense events, arousal 
scores also increased, becoming more positive. In contrast as zygomaticus activity increased for those 
low on interoceptive integration, arousal levels decreased. Arousal scores remained flat for those 
middling on interoceptive integration, irrespective of increasing zygomaticus activity. Results could be 
interpreted in two ways. Tense events are represented on the 2D emotion space as high arousal and 
negative valence, with zygomaticus activity reflecting positive valence. Therefore one interpretation 
could be as zygomaticus activity increases, reflecting increasing positive valence, therefore decreasing 
tension, those with low interoceptive integration correctly perceive and use this cue to identify 
reduced tense feelings and therefore report decreasing arousal. In contrast those with mid 
interoceptive integration do not use physiological indicators of valence to influence self-reported 
arousal, whereas those high on interoceptive integration misidentify increased positive physiological 
valence with increased arousal. One issue with this interpretation is as happiness is also characterised 
by high arousal, results for those high on interoceptive integration could represent increased 
zygomaticus activity reflecting increased happiness (positive valence), which could also be 
represented by an increase in self-reported arousal. This is not possible to test without a way of 
combining the two dimensional measurement of self-reported emotion in this study as a single 
dimension.  
 
The second interpretation of results could be that increased zygomaticus activity represents increased 
jaw tension, as the placement of electrodes can pick up jaw tension in this way. Therefore increased 
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zygomaticus activity here could represent increased tension, therefore results are in the direction that 
would be expected: those high on interoceptive integration correctly identify increased zygomaticus 
activity as increased tension for tense events, and reflect this in increased arousal scores, whereas 
those low on interoceptive integration confuse physiological tension with negative valence, and 
therefore reflect a negative physiological signal (tension) as negative valence and a drop in arousal 
scores, towards the negative space of sadness. Again, this interpretation cannot be tested in the 
current study.  
 
Alternatively, results have been in the opposite direction to what would be expected for tense songs 
and tense events. This could suggest that those with low interoceptive ability may be better at using 
physiological cues to identify negatively valenced states, whereas those with high interoceptive ability 
may be better at using physiological cues to identify positive states. Those with middling interoceptive 
ability be better able to use physiological cues of valence to identify changes in valence scores alone, 
and using physiological cues of arousal to identify changes in arousal, reflected by flat slopes in results. 
However, given that results from study one and two suggest tension is rarely experienced in response 
to music, these results here could also reflect this previous finding. As tension is rarely felt in response 
to music, those high on interoceptive ability may not be experiencing tension, instead other emotions, 
therefore results for tense songs and events are not in the expected direction for this group. In 
contrast, those low on interoceptive ability, if taking their cues from the expected external context as 
mentioned previously, rather than their internal signals, their expectations of experiencing tension to 
tense songs/events may have meant this process produced an artefact that explains the present 
results suggesting they correctly identify physiology predicting emotional experience for tense songs 
and events.    
 
 
Sad events 
For interoceptive accuracy, there were no significant moderation effects following correction, 
although mean corrugator activity predicting valence scores showed a marginally significant 
moderation effect of interoceptive accuracy.  
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For response to negative signals, there were no significant moderation effects following correction. 
However results suggested response to negative signals played a marginal role in total number of 
SCRs predicting arousal scores for sad events.  
 
Results showed BPQ has no role in moderating the relationship between physiology and self-reported 
emotion for sad events. 
 
For interoceptive integration analyses, results suggested area under the curve for corrugator activity 
predicting valence scores was marginally moderated by interoceptive integration for sad events 
before corrections.   
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APPENDIX U - MODERATION ANALYSES: TABLES SHOWING BENJAMINI-HOCHBERG CORRECTIONS 
FOR SELF-REPORTED EMOTIONS PREDICTING PHYSIOLOGY, OVERALL AND BY SONG TYPE  
 
Table U.1 
Significant and marginally significant results from moderation analyses before correction for the four 
interoception measures interacting with self-reported emotion variables predicting physiology, showing 
adjusted critical p-value cut-offs following Benjamini-Hochberg corrections, for overall data averaged 
by participant. 
Interoception measures Correcte
d critical 
value 
cut-off 
((i/m)*.
2) 
Rank 
(i) Interoceptive 
accuracy 
Response to 
negative signals 
BPQ Interoceptive 
integration 
IV DV p-
valu
e 
IV DV p-
value 
IV DV p-
value 
IV DV p-
value 
V Corr 
Min 
.002
* 
V Corr 
Min 
.008 - - - A Zyg 
Min 
.029 .005 1 
V Corr 
Mean 
.009
* 
V Zyg 
PtoP 
.017    A EDA 
Min 
.043 .01 2 
V Corr 
Integr
al 
.009
* 
V Zyg 
Max 
.022    A EDA 
Sum 
.062 .015 3 
V Zyg 
Min 
.011
* 
V Corr 
Mea
n 
.046       .02 4 
   V Corr 
Integ
ral 
.046       .025 5 
   A Zyg 
PtoP 
.054       .03 6 
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   V Zug 
Mea
n 
.093       .035 7 
   V Zyg 
Integ
ral 
.093       .04 8 
Notes. IV V=valence, IV A=arousal; based upon 40 tests (m=40). * denotes significance after correction 
 
Table U.2 
Significant and marginally significant results from moderation analyses before correction for the four 
interoception measures interacting with self-reported emotion variables predicting physiology by song type, 
showing adjusted critical p-value cut-offs following Benjamini-Hochberg corrections 
Happy Songs 
Interoception measures Correcte
d critical 
value 
cut-off 
((i/m)*.2
) 
Rank 
(i) Interoceptive 
accuracy 
Response to 
negative signals 
BPQ Interoceptive 
integration 
IV DV p-
valu
e 
IV DV p-
value 
IV DV p-
value 
IV DV p-
value 
V EDA 
Sum 
.006
* 
V EDA 
Max 
.073 A Corr 
Integr
al 
.022 - - - .005 1 
A Corr 
Min 
.017
* 
V EDA 
Mea
n 
.073 A Corr 
Max 
.027    .01 2 
A Corr 
Integra
l 
.029    A Corr 
Mean 
.051    .015 3 
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A Corr 
Mean 
.036    A Corr 
Min 
.066    .02 4 
A Zyg 
Min 
.074          .025 5 
Tender songs 
Interoception measures Correcte
d critical 
value 
cut-off 
((i/m)*.2
) 
Rank 
(i) Interoceptive 
accuracy 
Response to 
negative signals 
BPQ Interoceptive 
integration 
IV DV p-
valu
e 
IV DV p-
value 
IV DV p-
value 
IV DV p-
value 
V Corr 
Max 
.083 V EDA 
Mea
n 
.085 - - - A Zyg 
Min 
.012 .005 1 
V Corr 
PtoP 
.09 V EDA 
Max 
.086    A Zyg 
Integr
al 
.046 .01 2 
   A Corr 
Mea
n 
.09    A Zyg 
Mean 
.087 .015 3 
   V EDA 
Min 
.09    A EDA 
Max 
.099 .02 4 
Tense songs 
Interoception measures Correcte
d critical 
value 
cut-off 
((i/m)*.2
) 
Rank 
(i) Interoceptive 
accuracy 
Response to 
negative signals 
BPQ Interoceptive 
integration 
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IV DV p-
valu
e 
IV DV p-
value 
IV DV p-
value 
IV DV p-
value 
  
V Zyg 
Min 
<.00
1* 
V Zyg 
PtoP 
.013 V Corr 
PtoP 
.026 A Zyg 
Mean 
.017 .005 1 
V Zyg 
Max 
.001
* 
V Zyg 
Max 
.021 V Corr 
Max 
.028 A Zyg 
Integr
al 
.034 .01 2 
V Zyg 
PtoP 
.001
* 
   V Zyg 
Min 
.033 A ECG 
SD 
.051 .015 3 
V Zyg 
Integra
l 
.006
* 
   A Zyg 
Min 
.054 A Zyg 
Max 
.098 .02 4 
V Zyg 
Mean 
.009
* 
   A Zyg 
Mean 
.061    .025 5 
V ECG SD .051    A Zyg 
Integr
al 
.063    .03 6 
      V Zyg 
Max 
.086    .035 7 
Sad songs 
Interoception measures Correcte
d critical 
value 
cut-off 
((i/m)*.2
) 
Rank 
(i) Interoceptive 
accuracy 
Response to 
negative signals 
BPQ Interoceptive 
integration 
IV DV p-
valu
e 
IV DV p-
value 
IV DV p-
value 
IV DV p-
value 
V Zyg 
Min 
.01 A Corr 
Min 
.031 V EDA 
Sum 
.03 V EDA 
Min 
.045 .005 1 
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V EDA 
Max 
.017 A Corr 
Mea
n 
.046 A Zyg 
PtoP 
.09 V EDA 
Mean 
.064 .01 2 
V Zyg 
Integra
l 
.026 A Zyg 
Max 
.083    V EDA 
Max 
.099 .015 3 
V Corr 
Min 
.029 A Zyg 
PtoP 
.092       .02 4 
V Corr 
Integra
l 
.038 A Corr 
Integ
ral 
.1       .025 5 
V EDA 
Mean 
.046          .03 6 
V Zyg 
Mean 
.05          .035 7 
V Corr 
Max 
.074          .04 8 
Notes. IV V=valence, IV A=arousal; based upon 40 tests (m=40). * denotes significance after correction 
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APPENDIX V - MODERATION ANALYSES: TABLES SHOWING BENJAMINI-HOCHBERG CORRECTIONS 
FOR SELF-REPORTED EMOTIONS PREDICTING PHYSIOLOGY, BY EMOTIONAL EVENT TYPE  
 
Table V.1 
Significant and marginally significant results from moderation analyses before correction for the four 
interoception measures interacting with self-reported emotion variables predicting physiology by emotional 
event type, showing adjusted critical p-value cut-offs following Benjamini-Hochberg corrections 
Happy events 
Interoception measures Corrected 
critical 
value cut-
off 
((i/m)*.2) 
Rank 
(i) 
Interoceptive 
accuracy 
Response to 
negative signals 
BPQ Interoceptive 
integration 
  
IV DV p-
valu
e 
IV DV p-
value 
IV DV p-
value 
IV DV p-
value 
  
V Corr 
PtoP 
.024 - - - V Corr 
PtoP 
.045 V Zyg 
Min 
.038 .005 1 
V Corr 
Min 
.039    V Corr 
Max 
.053    .01 2 
V ECG 
Mea
n 
.086    V Zyg PtoP .064    .015 3 
      V Zyg Max .078    .02 4 
      A Zyg 
Mean 
.096    .025 5 
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      A Zyg 
Integral 
.096    .03 6 
Tender events 
Interoception measures Corrected 
critical 
value cut-
off 
((i/m)*.2) 
Rank 
(i) 
Interoceptive 
accuracy 
Response to 
negative signals 
BPQ Interoceptive 
integration 
  
IV DV p-
valu
e 
IV DV p-
value 
IV DV p-
value 
IV DV p-
value 
  
V ZYG 
PtoP 
.044 A Zyg 
Mean 
.035 A EDA 
Sum 
.035 A Zyg 
Min 
.026 .005 1 
V Zyg 
Max 
.046 A Zyg 
Integr
al 
.035 V Zyg Min .059 A Zyg 
Mean 
.031 .01 2 
   A EDA 
Mean 
.038 V Zyg 
Mean 
.07 A Zyg 
Integr
al 
.031 .015 3 
   A EDA 
Max 
.054 V Zyg 
Integral 
.07 A EDA 
Sum 
.037 .02 4 
   A EDA 
Min 
.065    A EDA 
Max 
.04 .025 5 
   A Zyg 
Min 
.066    A EDA 
Mean 
.057 .03 6 
   A Zyg 
Max 
.01       .035 7 
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Tense events 
Interoception measures Corrected 
critical 
value cut-
off 
((i/m)*.2) 
Rank 
(i) 
Interoceptive 
accuracy 
Response to 
negative signals 
BPQ Interoceptive 
integration 
  
IV DV p-
valu
e 
IV DV p-
value 
IV DV p-
value 
IV DV p-
value 
  
V Zyg 
Max 
.001
* 
V Zyg 
PtoP 
.003
* 
A Zyg Min .06 A Zyg 
Mean 
.083 .005 1 
V Zyg 
PtoP 
.003
* 
V Zyg 
Max 
.004
* 
A Zug 
Mean 
.079 A Zyg 
Integr
al 
.083 .01 2 
V Zyg 
Mea
n 
.022
* 
V EDA 
Sum 
.071 A Zyg 
Integral 
.079 V ECG 
SD 
.097 .015 3 
V Zyg 
Integ
ral 
.022
* 
A Corr 
PtoP 
.086       .02 4 
V Zyg 
Min 
.026
* 
A Corr 
Max 
.095       .025 5 
A Zyg 
Max 
.083          .03 6 
A Zyg 
PtoP 
.084          .035 7 
Sad events 
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Interoception measures Corrected 
critical 
value cut-
off 
((i/m)*.2) 
Rank 
(i) 
Interoceptive 
accuracy 
Response to 
negative signals 
BPQ Interoceptive 
integration 
  
IV DV p-
valu
e 
IV DV p-
value 
IV DV p-
value 
IV DV p-
value 
  
V ECG 
SD 
.073 - - - A EDA 
Sum 
.096 A EDA 
Sum 
.003* .005 1 
Notes. IV V=valence, IV A=arousal; based upon 40 tests (m=40). * denotes significance after correction 
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APPENDIX W – STUDY THREE PHYSIOLOGICAL PREPROCESSING 
 
Data Analysis 
Physiological preprocessing 
ECG – the depolarized electrical activity resulting from cardiovascular muscular contraction is 
measured, with the contraction of the ventricles resulting in a specific waveform known as the QRS 
complex. This is used to derive the power and frequency bands using 1024 points Fast Fourier 
Transform (FFT), segmented into frequency ranges of 50Hz. Peak detection was run in AcqKnowledge 
and missed peaks were manually detected. Movement artefacts were corrected after visual inspection 
using peak amplification and minimisation and smoothing. Heart rate as measured by BPM and 
interbeat interval were extracted for short time segments, whereas HRV data was extracted for longer 
time segments, such as for the entire video or song. 
 
Facial EMG – Due to the sensitive nature of facial EMG noise arises in the data from general 
background electrical noise. The data was inspected visually using FFT frequency analysis. This showed 
not only a peak at 50Hz representing general electrical noise, but also peaks at 50 Hz intervals for 
some participants. Therefore, a notch filter was applied at 50Hz (49-51Hz) to remove electrical noise, 
using a Comb-band stop filter at line frequency 50Hz with XX, Q=5.00, to attenuate the noise at 50Hz 
intervals. The data was then visually inspected for artefacts, and these were corrected using connect 
endpoint smoothing to remove artefacts. The data were then normalised and centred around zero. 
The data were then rectified and integrated using a root mean square rectification with a time window 
of 100ms, as a review of the literature suggests this is the preferred method to retain as much nuance 
in the data as possible whilst maximising the signal-to-noise ratio given the dynamic nature of the 
expected response. All data were then extracted using the integrated waveform.  
 
EDA – due to the slow-moving nature of the SCL, the data were downsampled to 125 Hz using linear 
interpolation. The data were visually inspected for movement artefacts and these were corrected 
using connect endpoint smoothing. A smoothing baseline removal was then applied using median 
smoothing, with a time window of 5 samples to remove the natural drift that occurs with EDA 
recording over time. The phasic component was then extracted to detect SCRs, using a threshold of 
0.01, rejecting SCRs under 10% of the maximum. 
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APPENDIX X – STUDY THREE DEMOGRAPHICS DESCRIPTIVES 
 
Descriptives: Music ability, exercise and mind-body practice 
Mean music ability was 3.10 (SD=0.82), with 1 professional musician, 20 amateurs, 28 previous 
musicians and 28 non-musicians. 18 people reported listening to music for over 3 hours a day, 42 
people listening 1-3 hours per day, 10 people listening every other day and seven people listening 
twice a week. 11 people reported never going to see live music, 50 reported going to live music 1-4 
times a year, 12 people attend live music every couple of months and 4 people go to live music at least 
once a month. 
 
People reported hours walking continuously as M=4.71 (SD=3.95), Range=18 (min = 0, max = 18). 
Mean exercise in hours as M= 3.79 (SD=2.97), with a range of 18 (min=0, max=18), with 9 people 
reporting they never exercise and the remainder undertaking various types of exercise. People 
reported swimming for M=0.18 hours (SD=.55), with a range of 3 (min = 0, max=3), with 67 people 
never swimming. People reported running for M=0.50 hours (SD=.79), with a range of 4 (min = 0, 
max=4), with 48 people never running. People reported monitoring their physiology whilst exercising 
for M=8.69 months (SD=19.23) with a range of 90 (min=0, max=90; median = 0), with 34 people never 
monitoring their physiology whilst exercising.  
 
19 participants reported currently engaging in some form of Mind-Body practice, with 58 reporting 
they did not. 29 reported at some point historically engaging in some form of Mind-Body practice, 
with 48 reporting they never had. 54 people did not do meditation, 53 did not do mindfulness, 53 did 
not do yoga and 75 people did not do Tai Chi. 
 
 
  
526 
 
APPENDIX Y – STUDY THREE- TESTING THE MANIPULATION: COMPARING PAT RESULTS FOR SONGS 
AND VIDEOS 
 
PAT results comparing songs to videos: 
Pleasure - emotion ANOVA 
A one-way repeated measures ANOVA was run with Emotion as a factor (Happy; Tender; Sad; Fearful). 
Mauchly’s test of sphericity was violated, c2(5) = 11.92, p = .036 and the Greenhouse-Geisser value 
exceeded 0.75, therefore Huynh-Feldt correction is reported.  
 
There was a significant effect of emotion on difference in pleasure ratings between videos and songs, 
F(2.72, 78.96) = 3.08, p = .037, hp2 = .10. Sidak pairwise comparisons indicated no significant difference 
between the emotions. Differences in pleasure ratings between videos and songs was in the same 
direction for all emotions (Happy: M = -0.59, Tender: M = -0.87, Sad: M = -0.71, Fearful: M = -1.48).  
 
Songs were rated as more pleasurable than corresponding videos for all emotions.  
 
Arousal - emotion ANOVA 
  
A one-way repeated measures ANOVA was run with Emotion as a factor (Happy; Tender; Sad; Fearful). 
Mauchly’s test of sphericity was not violated, c2 (5) = 4.24, p = .52. 
 
There was a significant effect of emotion on difference in arousal ratings between videos and songs, 
F(3, 87) = 9.94, p < .001, hp2 = .26. 
Sidak pairwise comparisons show there was a significant difference in arousal rating differences 
between happy (M = -0.42) and tender (M = 1.09, p < .001), and happy and sad (M = 1.07, p = .002). 
Happy and fearful (M = -0.07) arousal ratings were not significantly different (p = .92). Fearful arousal 
ratings differences were significantly different to tender (p = .029) and sad (p = .019). 
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Tender and sad videos were rated as more arousing than corresponding songs. Happy and fearful 
videos were in the opposite direction, rated as less arousing than corresponding songs.  
 
 
Tension - emotion ANOVA 
A one-way repeated measures ANOVA was run with Emotion as a factor (Happy; Tender; Sad; Fearful). 
Mauchly’s test of sphericity was not violated, c2 (5) = 10.87, p = .054. 
 
There was a significant effect of emotion on difference in tension ratings between videos and songs, 
F(3, 87) = 8.13, p <.001. hp2 = .22. 
Sidak pairwise comparisons show a significant difference between happy (M = 0.022) and tender (M 
= 1.20, p = .001), and also a significant difference between tender and fearful (M = -0.37). There was 
no significant difference between sad (M = 0.71) and other emotions.  
 
Happy, tender and sad videos were rates as more tense than corresponding songs. Fearful videos were 
in the opposite direction, rated as less arousing than fearful songs.  
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APPENDIX Z – DESCRIPTIVE STATISTICS FOR PERSONALITY, INTEROCEPTION AND SELF-REPORTED 
EMOTIONS 
 
Table Z.1: Descriptive statistics for personality, interoception and self-reported emotion variables 
Measure Mean SD Normal 
Distribution? 
BAS_Drive 2.65 0.57 Y 
BAS_FunSeeking 2.95 0.58 Y 
BAS_Reward 3.39 0.40 Y 
BIS_Inhibtion 3.20 0.48 N 
BFI_Extraversion 3.09 0.74 Y 
BFI_Aggreeableness 3.69 0.54 Y 
BFI_Conscientiousness 3.52 0.66 N 
BFI_Neuroticism 3.16 0.74 Y 
BFI_Openness to Experience 3.51 0.56 Y 
Objective interoception 
(interoceptive accuracy) 
59.71 22.21 N 
MAIA_Not Distracting 1.95 0.58 N 
MAIA_Not Worrying 2.10 0.84 Y 
MAIA_Emotional Awareness 3.50 0.79 N 
MAIA_Attention Regulation 2.81 0.73 Y 
MAIA_Noticing 3.34 0.68 N 
MAIA_Self Regulation 2.92 0.90 Y 
MAIA_Body Listening 2.38 0.85 Y 
MAIA_Trusting 3.31 0.91 Y 
PBPQ 76.42 18.17 Y 
Self-reported Valence 10.83 21.71 Y 
Self-reported Arousal 9.53 13.73 Y 
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APPENDIX AA – SAM measure 
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APPENDIX AB – PAT measure, version capturing feltemotional responses 
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APPENDIX AC– 2D Measure Used For Continuous Capture Of Emotion In Study Three 
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